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SUMMARY 


Tables are presented based on the Lennard- Jones 6-12 potential for 
nonpolar molecules to be used in the representation of second and third 
vlrial coefficients and equation-of-state corrections for enthalpy, 
entropy, specific heats at constant volume and at constant pressure, the 
ratio of specific heats, the isentropic expansion coefficient, and the 
velocity of sound. The treatment for effects involving three molecules 
Jointly uses an enpirlcal adjustment of the Lennard- Jones force param- 
eters within a cluster of three independently of the value for an iso- 
lated pair. A graphical correlation of ratios of these parameters with 
the critical constants is also shown which permits better estimates for 
compact nonpolar molecviles with known critical constants but with limited 
data of state. 


INTRODUCTION 


The thermodynamic properties of real gases at pressiares near atmos- 
pheric differ from those of the corresponding ideal gases. The differ- 
ence is not, in general, lajrge, but it is appreciable when careful 
experimental work has been performed and should be taken into account 
when observed gas properties are to be compared with those theoretically 
calciilated from spectroscopic data. For example, experimental determi- 
nations of the specific heat, or of the velocity of sound, are often 
used to derive values of Cp°, the ideal -gas specific heat. The real- 

gas corrections C- - are, in general, calculated from some equation 

of state, one derived either from actual measurements of the pressure 
dependence of the properties in question or from compressibility measure- 
ments} alternatively, especieiUy in the case of many siib stances which 
liquefy readily and whose vapors are hence not stable over a wide pres- 
sure range, so that such data are lacking, a "reduced" or general equa- 
tion of state is used, whose specific constants are derived from the 
critical data of the substance or from the boiling point. The Berthelot 
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equation of state 


% ( 1 ) 

V - t) TV^ 

is very often used for this purpose. However, this equation is lacking 
in general, theoretical significance (ref. l). 

Statistical mechanics indicates that a correct theoretical form for 
the equation of state of any nonreacting gas at moderate pressures is 


= 1 + B(T)/^ + [c(T)/v2] 


( 2 ) 


where P is the pressure; V, the molar volume; R, the universal gas 
constant; T, the absolute temperature; and B and C are functions 
of the teniperature known as the second and third virial coefficients, 
respectively. The coefficient B depends on only the forces Between 
pairs of molectoles and may in principle he calculated in terms of any 
assumed potential. The situation is essentially the same for C, hut 
it depends on the energies of triples of molecules as well as pairs, so 
that the problem is considerably more complicated. A potential function 
that has heen widely used, and that has heen ahle to give good eigreement 
with the experimental data for such different force -dependent properties 
as the second virial coefficient and the viscosity and other transport 
properties (ref. 2), is that due to Lennard- Jones. The Lennard-Jones 
expression for the potential energy of two molecules at a separation r 
is 


U(r) 



(3) 


where e and r^ are two disposahle parameters equal, respectively, 

to the ma xi .mum binding energy between the molecules and the distance at 
which the attractive and repiilsive energies are equal. A gas whose mole- 
cules obey this law of force is referred to as a Lennafd- Jones 6-12 gas. 
To a good approximation such gases include practically a1 1 common gases 
and vapors except those with large polar groups, such as water or alco- 
hols, and those whose shape is far from spherical, such as carbon dioxide. 

It follows from the original work of Lennard-Jones (ref. 3) that 
for this type of potential it is possible to calculate the second virial 
coefficient B(T) eind its tengierature derivatives. These may be 
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expressed in terms of the two parameters e and Tq. Calculations 

of B and its derivatives have heen made hy several groups of authors. 
Values of B were given hy Stockmayer and Beattie (ref. 4), fairly 
extensive tables from which one may con 5 >ute B and T dB/di have been 
published by Curtiss eind Hirschfelder (ref. 5 )j au'i a revised calculation 
giving B, T dB/dT, T^d%/dl^, and T^d^B/dT* has been prepared by 
Hirschfelder, Curtiss, Bird, and ^otz (ref. 6). An extension of the 
calculations to lower temperatiires has been made by Epstein and Hoe 
(ref. 7) and has furnished values at the lowest temperature entries in 
the present tables. 


Several confutations have similarly been made concerning the third 
vlrial coefficients, assimiing a Lennard-Jones 6-12 potential, including 
those of De Boer and Michels (ref. 8), Montroll and Bfeyer (ref. 9)j 
Kihara (ref. 10), and Bird, Spotz, and Hirschfelder (ref. ll) as well 
as some unptiblished calculations by one of the present authors in 19 ^ 3 * 
In contrast with the case of the second vlrial coefficient, the results 
of the third vlrial calculation do not fit third vlrial coefficients as 
determined from experiment, so that the results are without immediate 
direct application. However, the recognition that the effective force 
law in a group of three molecules is not necessarily identical with the 
sum for three independent pairs pemnits an appropriate fitting of the 
experimental data. By considering the formation of a cluster of three 
molecules as a chemical reaction with an equilibrium constant for for- 
mation, the selection of appropriate effective-force-law parameters can 
in principle be made readily, as has been discussed elsewhere (ref. 12) . 
The results for the second vlrial coefficient may be expressed siaply 

by B = bQB^*^^(r) in the notation of reference 11, where b^ = ^ 

T = kr/e, and B^®^(t) is a tabulated function. For the third virlal 
coefficient more conplicated relations result. Thus, 
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— 


> 

■ + kbg^ 

b(0)(t2} 




with Tj = kT/e^ eind = kT/e and being the parameters bo 

and £, respectively, as determined for the cluster of three, and b£ 
and £ 2 , the regular values as determined for the second virial coeffi- 
cient; C^*^^(t), when multiplied by b^^, gives the third vlrial coeffi- 
cient for a gas in which the mutuail energy in any group of three mole- 
cules is the sum of Lennard-Jones pair energies with the same parameters 
as those which apply for Isolated pairs. 


Tables permitting the close representation of experimental values 
are of great utility in regard to the observed conpressibillty and the 
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Joiile-Thomson coefficient (ref. 5 ) at varioiis temperatures and their 
relation to the actual laws of force. Such tables pemnit the calculation 
of these properties at other temperatures when the parameters of the law 
of force have been established. The ease of such correlations and ceil- 
culations is increased if s i milar tables are available for other thermo- 
dynamic properties. It is the ptirpose of this report to present tables 
from which one may readily calcialate other effects of gas imperfection 
for noi^jolax gases to obtain the effect for the' density, enthalpy, entropy, 
specific heat at constant pressiire and at constant volume, specific-heat 
ratio, isentroplc expansion coefficient, and velocity of sound. Alter- 
natively, tables are presented for calculations in which either the 
density or the pressiare may be the variable. 

This report is one of a series of papers on the thermodynamic prop- 
erties of technically Important gases compiled and calculated at the 
National Bureau of Standards -under the sponsorship and -with the financial 
assistance of the National Ad-vlsory Committee for Aeronautics. 


SYMBOLS 


a 

a,b 


B 


b(0)(t) 


sound velocity, m sec“^ or ft sec“^ 

constants in Berthelot equation of state 

sound velocity for ideal gas, m sec”^ or ft sec"^ 

second virial coefficient in l/Y series, a function 
of temperatvire, cm^ mole”^ 

second virieil coefficient function, B/b^ 


bo characteristic parameter of Lennard-Jones interaction 

potential, ^ cm^ mole”^ 

bp bo for pairs alone as distinct from pairs in larger 

^ — T 

clusters, cm-^ mole 

bj bo for pairs -within a cluster of three, cm^ mole”^ 

C third -virial coefficient in l/V series, a function 

of ten5)erature, (cm^ mole~l) 

third -virial coefficient function, 
theory 


c(0)(t) 


C/bo^ in sin^ile 
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Cp° 

Cv 


*^2'’ 1 
Ci',C2',Ci2'| 

D 


E 


E° 

H 

H° 

Iil,li2,lil2^ 

HlSh2',hi2' 


k 


M 

N 

P 


P2 


heat capacity at constant pressure, various units 

heat capacity at constant pressirre for ideal gas, 
various units 

heat capacity at constant volume, various units 

heat capacity at constant volume for ideal gas, 
various units 

coefficients in correction for specific heat at 
constant pressure 


foiarth virial coefficient in l/V series, a func- 
tion of teirperature, (cm^ mole"^) 


internal energy, various units; also, fifth virial 
coefficient in l/V series, -a function of temper- 
ature, ^cm^ mole"^) 


internal energy for ideal gas, various units 

enthalpy per mole, various units 

enthalpy per mole for ideal gas, various units 


coefficients in enthalpy correction 


Boltzmann constant for proportionality of energy to 
temperature, 1.38o48 X 10“^^ erg 

molecular weight (chemical scale), g mole”^ 

Avogadro's nxnnber 

pressure, atm or dynes cm"^ 

critical pressure, atm or dynes cm”^ 

atmospheric pressiire, 1 atm or 1,013^250 dynes cm“^ 
pressure parameter for pair of molecviles, 
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P3 


R 

r 


S 

S° 

> 

® 2 -> 

► 

Si',S2',Si2' 


T 

Tc 

U 

V 

Vc 

^l->^ 2 -’^ 12 -» 

Wi',W2Swi2' 

> 


Z 

Zi',Z2',Zi2' 


pressure parameter for cluster of three molecules, 

Re^/bjk 

universal gas constant, various \mits 
distance between two molecules 

classical distance of closest Intermole cular approach 
at zero energy according to Lennard-Jones poten- 
tial, A 

entropy per mole, various units 

entropy per mole for ideal gas, various units 

coefficients- in entropy correction 

absolute tenperatinre, °K or 
critical teiiperature, °K or 

potential energy of Interaction of two molectiles 

volume per mole, cm^ mole”^ 
critical volume, cm^ mole"^ 

coefficients in correction for specific heat at con- 
stant volume 

con5)ressihility factor, FV/RT 
coefficients in Z = PV/RT 


a 

a° 

7 


V/dP\ V/dP\ 

isentroplc expansion coefficient, ( — ) = - 7 — 1 — I 

P\dV/g P\dV/ 

isentroplc expansion coefficient for ideal gas 
ratio of specific heats, 

ratio of specific heats for ideal gas, Cp°/C^° 
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maximim energy of 'binding "between molecules with a 
Lennard-Jones potential, ergs 


e/k 


characteristic parameter of Lennard-Jones interaction 
potential, °K 



e/k for pairs alone, °K 


e^/k 

e/k for pairs within a cluster of three, °K 

p 

density, mole cm~^, Amagat units. 

and so forth 

T 

reduced temperatvire, kT/e 


Tc 

T for critical condition 


■^2 

T for pairs alone, kT/e2 


■"5 

T for pairs within a cluster of 

three, kl/e^ 


TABLES 


The relations on which the tah;ilationB are "based may be derived by 
standard thermodynamic methods on the basis of the virial equation of 
state ( 2 ) with C given by equation ( 4 ). In these relations, the nomen- 
clature of Bird, Spotz, and Hirschfelder is used (ref. U), so that 


= T dB^*^) (T)/dr, B^^^(t) = d%^^^ (r)/dT^, = t dC^*^^(T)/dT, 

and d^^®)(T)/dr^ . The tabulations and related formulas 

are applicable to nonpolar gases having Lennard-Jones 6-12 pair energies 
and distinct parameters for clusters of three molecules. With energy 
and volume parameters of 62 and b2 for a pair and and b^ for 

a cluster of three, the pressure parameter for the pair is P2 = ^£2!^^ 


and, for a cluster of three, the pressure parameter for the pair is 
p^ = Re^jb^k. With the pressure parameters, the pressure dependence of 

the thermodynamic properties in dimensionless form can be expressed in 
terms of the dimensionless ratios P/P2^ (^/P2)^-» (^/^3) ^ 


dimensionless coefficients for which are given in tables 1 to 5 - Alter- 
natively, the dependence on volimie can be expressed in terms of the 

dimensionless ratios b2/'V, (^3/^)^ with dimensionless 


coefficients which are also given in tables 1 to 5 » Detailed formulas 
are to be found in the appendix. 
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Each of tables 1 to 5 contains two sets of three columns of coef- 
ficients following the column for the teniperature variable r, one set 
being for density dependence and the other, for pressure dependence. 

In each of the two sets the first column of the three is for the linear 
dependence, while the second emd third columns are for the quadratic 
dependence. Their appropriate multipliers are indicated in the tables. 

The second coliunn gives the entire quadratic contribution in case the 
Lennard-Jones parameters for the cl^l6ter of three are identical with those 
for a single pair of molecules. If the parameters for the cluster of three 
are different, then the entire q\iadratic contribution is composed of 
three parts of which one is obtained from the second column at and 

the other two are obtained from the third column at and at T2^ 

T2 and being given, respectively, by hT/e2 and kT/e^. The 

tables cover the teniperature range given by O.J < T < kOO for all 
q'uantities tabtOated with the additional extension down to 0.15 in the 
case of the linear terms. The entries are spaced sufficiently closely 
so that three-point interpolation will be adequate in most cases 

(ref. 13).^ Since boiling points are typically near t = 0.8 with 
critical points near t = 1.5^ the range of the tables covers practically 
all ten^ieratures of experimental Interest. 

Tables 6, J, and 8 give resiilts for 7, a, and a involving only 
the linear dependence on density and pressure. Values of these quan- 
tities Inclvidlng the quadratic correction effects can be obtained by 
means of the defining formulas. Thus 7 is readily obtained from the 
values of Cp and C^. As a is given by yjjz - V(bz/bV) or 

yZyjTz - P(8 z/8p)i^, it can be computed quite directly if Z is known 
in terms of coefficients for powers of the density or of the pressure. 
Similarly, a^ is given by RTclZ/m. The evaluation of the qimdratlc 
terms for 7, a, and a has not been performed for these tables 
becavise of the complexity of the formulas and the adequacy of the 
direct calculation. Inasmuch as the ideal-gas specific-heat ratio 7° 
is also a parameter, entries are given in the tables for various values 
of this ratio ranging from 1.1^0 to 1.00 in steps of O.O5 and for the 
single value 7° = 5/5 • The latter is the value for an ordinary mon- 
atonilc gas considered as ideal. Similarly, 7° = l.l^■0 is the theoret- 
ical value for an ideal diatomic gas at low temperatures where trans- 
lational and rotational degrees of freedom are fully excited but where 
there is no vibration ^Cp'yR = 5*5)^ whereas 7° = 1.1<D corresponds to 

relatively complex polyatomic gases at higher temperatures where many 
vibrational degrees o'f freedom are contributing ^Cp^yR = llj. 

The Isentropic expansion coefficient a = - = ~7 

(see the appendix) is perhaps an -unfamiliar quantity requiring fur-tlier 

^(a + xw) = f (a) + X ^(a) - 
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explanation. For an ideal gas, it will "be noted, it is identical with 7, 
the true specific-heat ratio. In many formulas of gas dynamics involving 
expansions through nozzles, the ideal-gas laws are assumed and, hence, 7 
and a may he written interchangeably. When deviations from ideal-gas 
behavior are to be considered, however, it will sometimes be found that 
the usual idal-gas formulas are valid if a, rather than 7, is used. 

For exaaiple, the familiar equation for the velocity of sound is 


a^ = PVoM"^. Similarly, the resonance method to determine 7 gives a 
the more directly, so that 7 is obtained after correction for effects 
calculable from the equation of state. On the other hand, the method for 
determining 7 by the amount of cooling in an adiabatic expansion gives 

directly a different quantity p, according to 1 - 3“^ = 

,-l 


Cp^p 


TVdPys 

which in the limit of low pressure becomes 1 - 7"-*-. If the change in 
state during an expansion covers a wide range of pressure or temperature, 
so that a or 7 is not constant, further refinements must be con- 
sidered (ref. l4) . 


For the density -dependent parts of the tables, the multiplying 
factor for density in moles per tinit volume for a given entry in the 

p X 

linear correction is a quantity frequently known as bo = ^ rtNro-^ and 
here indicated as b2« The subscript o here replaced by 2 to sig- 
nify a pair of molecixles is also replaced by 5 for cases in which it 
refers to the effective parameter for a cluster of three molecules. 

If ro is in the usual units of A (l0“® centimeter), values of the 
multiplying factor bo for various values of ro and various units 
of density are as presented in table 9- For the pressure-dependent 
tables, the multiplying factor for pressure for a given entry in the 
linear correction is the quantity ^ 2 /^ {^ 2 /^)’ ^ ^2 is in cubic 

centimeters per mole, as in table 9# aJ^d i® i^ values 

of the constant R to transform from the density-dependent to the 
pressiire -dependent factor for various units of pressure are as given 
in table 10. 


USE OF TABLES 


The utility of the tables is twofold. First, if values of the 
parameters e/k and bg are knoTO for pairs (as ^2/^ ^2) 

for triples (as s^^k and ^>5)^ when different, one may calciilate the 

density dependence or pressure dependence of the thermodynamic fimctlons, 
at any temperature covered, at low and moderate densities or pressures, 
by the following procedure. Calculate Tg = kT/eg and = ^T^e^ 



10 


MCA TN 5272 


and, according to whetiier density or pressiire is to tie used as variatle, 
calculate t >2 and t)^ or ^ 5 /^ (^3/^ recip- 
rocals of the latter, ^£2!^^ - P 2 Ee^/b^k = p^^ in the appropri- 

ate units. Next, inteipolate in the density or pressure part of table 1 , 
2 , or 5 that treats the desired property to find values in the first 

column and third colimm at the value of T2 and values in the second col- 
umn and the third column at the value of The linear contribution 

is obtained by multiplying the value from the first density column by 
b2/v or by multiplying the valioe from, the first pressure column by 
|^b2/R(6^kjJp or P/P2* the quadratic dependence, the values at 

are to be multiplied by ^^^2^ density -dependent f\mctions 

or by ^ case of tables for obtaining the 

pressure dependence. After obtaining the sum of products based on val- 
ues from the second column at x-^ and the third column at T2, the 

product based on the value in the third column at is to be subtracted. 

Thp» combined quantity is to he multiplied by (b2/vj^ when using density 
as a variable or by when using pressure as a variable. The 

adding and subtracting of the two values found in the third column with 
their proper multipliers is indicated by (-l)^(bi/vj^ for the set in 

which density is the variable and by (-l)^(P/Pi)^ SLb multiplier for the 

set in which pressure is the variable. If the parameters for the cluster 
of three are identical with those for a pair, then the two contributions 
from the third column are of eqml magnitude and opposite in sign, 
giving no net contribution. When the three contributions to the quad- 
ratic dependence have been Evaluated and combined with the linear con- 
tribution, the result may be added to the ideal-gas val\ae to obtain the 
real-gas val\ie. This procedvtre is applicable either if one is to cal- 
culate the real-gas value, the ideal-gas value being known from previous 
calculations, or if one is to correct an observed real-gas resvilt to 
the corresponding ideal-gas value. In the latter case, since the ideal- 
gas ratio of specific heats 7° enters the tables for 7, a, and a, 
it is necessary to find, the corrections for these properties by succes- 
sive approximations. 

As an example of this direct use of the tables, one mi^t consider 
the calculation of the density of gaseous methane at a pressure of 
15 atmospheres and a ten^ierature of K. Turning to table 11 , it 

is found that the appropriate parameters are estimated to be 
e2/k = 148 . 2 ° K, £5/^ = 145.2° K, P2 = 175-5 atmospheres, and 

p^ = 165.5 atmospheres. These give T2 = 3-1927 and = 5 - 2587 ^ with 
p/p2 = 0.08655 and P/p^ = O.O9063, giving (p/p 2 )^ = 0.00749 and 
^p/p^j 2 = 0.00821. Referring to the pressure part of table 1 for t = T2 
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and T = the vadues obtained for the coefficients are: 


At 

Tg = 3.1927, 

^1' 

= -0.01811 

At 

Tg = 3.1927, 

^12 

= 0.00099 

At 

T3 = 3.2587, 

^2 

= 0.05215 

At 

= 3.2587, 

Z12' 

= 0.00044 


The value of Z or PV/RT^ the coiiipressihility factor, is then 

U = 1 + (-0.01811) X 0.08655 + 0.05215 X 0.00821 + 0.00099 


given 


X 


0.00749 - 0.00044 X 0.00821 
= 1 - 0.001567 + (0.000264 + 0.000007 - 0.000004) 
= 0.9987 


Then the valiie of is obtained from ^ using the value of R 

XV jKl 

of 82.0567 cnr atm/mole 

y-l _ 1^ atm 

0.9987 X 82.0567 cm^ atm mole"^ °K"^ X 475. 16 °K 

= 586.85 X 10 “^ mole/cm^ 

Multiplying by the molecular weight 16.042, a density of O.OO6206 gram 
per cubic centimeter or 6.206 grams per liter is obtained. 



12 


MCA TN 5272 


Alternately, one may use the tables to derive values of e/k 
and 1 )q from experimental, data, if the latter cover a wide range of 

tenperature for one property, or several properties, and if the ideal- 
gas properties are known. One such procedure has been used in refer- 
ence 12 , taking into account effects on various properties Including 
coefficients other than the vlrlal. coefficients. 


A simple extension permits the use of a third parameter to obtain 
a closer representation for pairs and clusters of ttiree molecules. 
Recognizing that the extent of phase space from which clusters are 
excluded is in some degree independent of the binding energy and the 
extent of phase space in which the binding energy is effective, additive 
constants may be- included for K2RT and K^(RT) 2 ^ that is, for B and 

2 B^ - i C. Thus, the extension is to use B = 1 > 2 |^P 2 + 


C - ll-B^ = 


P3 + c(0)(t5) - &b(0[|^(t3)|. 


where ^2 35 


constants. The changes required in all the thermodynamic formulas are 
simply to replace P2 replace 

by By referring to the fundamental equations in the 


appendix, the necessary algebra can be performed to take account of these 
constants so that results may be obtained from the present tables by 
extended combination of their values as indicated by the resulting for- 
mulas. For example, in the case of the enthalpy function (H - iP)/RT, 

the coefficient of b^/V in table 2 is changed from the B^®^ - B^^^ 

tabulated to ^2"^ (^2) " coefficient of 

the value from the middle ' column, (’’’5) " 2 changed to 


prior 

value in the third column at Xg, 
is changed to 4 pg^ + ^32 ®^^^ (t2) 


to multiplication by 



The 



)]• The second of these three added quantities is k^2 

times the first tabulated coefficient for Z; the third is 4 pg times 
the first tabulated coefficient for the present (H - H?)/RT. 


2 


VAIUES OF PARAMETERS; REIXJCED EGgJATION OF STATE 

Values of the parameters e/k and Tq have been deduced for most 
of the common gases from various sets of data by various authors. A 
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tabiilation and con5)arlson of the values obtained frcan the viscosity and 
the second virial coefficient are presented in reference 2 and additional 
values from the second virial coefficient are given in reference 11. 

These values are quoted in table 12 . 

Other data in table 12 include values of Tc = kTc/e2 and Vcyb2. 

Here kTc/e2 is the ratio of the critical temperature to the average 

value of e/k from the viscosity and second virial data. Similarly, 

Vc/b2 is the ratio of the critical volume to the value of b calculated 

from the average value of tq from the two types of data. It will be 
noted, as Hlrschf elder. Bird, and ^otz point out (ref. 2 ), that the agree- 
ment of the parameters from the two types of data is only fair, being best 
for the more spherical gases that are more likely to obey the Lennard- 
Jone 6-12 potential and worst for carbon dioxide and nitrous oxide. 

However, the average parameters reproduce all transport and low-pressure 
thermodynamic data fairly well. To obtain parameters for other molecules, 
specifically to predict PVT and thermodynamic properties more reliably, 
it is reasonable also to examine such data without using the viscosity 
parameters . 

It might seem that such reduced parameters as and Vc^b2 

would be roughly constant for all gases on the basis -of the law of corre- 
sponding states according to the assxmqition that the potential function 
between molecules in higher order collisions is, in effect, about the 
same as that in binary collisions. However, it has been demonstrated 
in connection with the third virial coefficient that the pair potential 
function in a group of three molecules is appreciably different from 
that for an isolated pair (ref. 12 ). As the difference may continue 
in the progression to larger clusters, it is appropriate to examine 
evidence for the systematic effect of parameter change. One such effect 
would appear in the value of which is known to vary appreciably 

among different substances. 


based 


Figure 1 shows corresponding values of PcVc/RTc and kTc^e2 

on PVT data for various substances from a variety of sources. While 
acceptance of I.3 as an average value of kTc/e2 may give £2/^ approxi- 
mately from the experimental Tc, agreeing with the theoretical estimates 
of 1.26 by De Boer and Michels (ref. 15 ) and 1.555 by Lennard- Jones and 
Devonshire (ref. 16) , it seems likely that a better value in the absence 
of a direct experimental value for £2/^ might be obtained by reading 

from the graph if the value of PcVc/RTc is known. 

Similarly, an average value of Vc/b2 near 1.4 is close to the 
theoretical estimates of I.50 by De Boer and MLchels and 1.35 ty Lennard- 
Jones and Devonshire. In the absence of a direct experimental value 
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for \> 2 ) a value mi gh t he estimated from such an average value or perhaps 
more closely from Vc and figiire 2, which shows corresponding values 
of and ^S'Sed on PVT data only. Hirschfelder, McClure 

and Weeks (ref. I 7 ) cite average values of 1.299 for kTc/^2 1.47 

for Vc/i>2- 

The ratios between parameters for clusters of three and of two mole- 
ctiles are also found to he related to the values of the critical constants 
Values for the ratios ^3/^2 ^5/^2 obtained in fitting PVT 

data may differ somewhat randomly, being influenced by the range of 
reduced temperature foi* which the fit is obtained. This may be attrib- 
uted to failure to represent well the actual complicated potential fvmc- 
tion for the clTosters. Parameters suitable over a range of ten^ierature 
incl\adlng both the critical teniperattire and somewhat higher temperatures 
may thus be expected to be more con5)arable than parameters based on seg- 
ments of a hi^er tenqperature range not corresponding on a reduced- 
ten^ierature basis. A procedure intended to improve the estimates throu^ 
a knowledge of the critical conditions -sd-U now be described. 

If the classical condition for the critical point (Sp/SV)ijj = 0 
and = 0 is used uith the equation of state in the vlrial 

form PV/RT = 1 + B/V + C/V^ + D/v^ + eM + • • it is found that 
the critical density may be estimated with a series beginning as 


= _ A - . lOEB^ 

■ " 3C - 5^3 8icA " 8ic5 


and giving 

^c^c _ 1 ■ 1 DB^ 2 EB^ . 2D^^ ■ 

RTc 9 C 27 c3 " ^ ^ 8 ic 5 


as a beginning approximation. This ejqiression is not to be regarded as 
fully definitive, as its form is changed somewhat if the next higher 
derivatives are also taken as zero. 

However, an examination of the relationship between B^/C and 
PV/RT at the critical point can be made empirically by iislng the resvilts 
of Meyers (ref. I8) for the representation of critical isotherms. As 
critical constants have been determined for many substances, PcVc/RTc 
may give a fair estimate for B^/C at the critical point, giving an 
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indicated value for C if B can be estimated reliably. This can belp 
to give a better overall function for C than might come from correla- 
tion of higher temperature data alone. The values of B^C so obtained 
are of the order of magnitude of 9 Pc^c/^^c uniformly somewhat 

greater. In figure 3 values are shown as obtained by Meyers and as indi- 
cated by the values of b^^b2^ and recently obtained. On the 

basis of approximate agreement seme of the parameters obtained earlier 
appear fairly reliable. The considerable departure in other cases has 
been rectified through the fitting of C at the critical point as indi- 
cated on the basis of Meyers' critical isotherms. For some substances 
the fit is still only approximate over extended ranges of temperature, 
possibly because of departure from the spherical symmetry implied by the 
Lennard- Jones potential. 


Using the "in^jroved" constants, one simple correlation is shown in 
figure 4 in which plotted as a function of 

(kTc/€2)(b2/Vc). The scattering of points with the use of the prelimi- 


nary or unln^jroved constants is appreciable. The use of the critical 
condition is seen to reduce the scattering considerably. Two sets of 
in^jroved constants for approximate representation for carbon monoxide 
resulted from combining the critical constant with (l) older virial data 
as used in the NBS-MCA tables and ( 2 ) newer data of MLchels. 


In figure 5 


is shown, using the iaqproved con- 


stants of figure 4 , plotxed as a function of Vc/b2. The lower point 
for carbon monoxide (CO) ’(■ras obtained using the older virial dataj the 
upper point, using newer data of Michels. It appears that the points 
form a band of considerable and seeMngly varying width. However, there 
is a possibility that further iii5)rovement in critical constants and 
parameters for clusters of t^fo and three molecules will lead to better 
but more complex correlations of these data. 


It would accordingly seem that, if other e;jq)erimental data are 
missing, it still may be possible to calculate approximate corrections 
to the thermodynamic fmetions for nonpolar, approximately spherical 
gases from the tables and graphs presented here using the known values 
for the critical constants. 


In table 11 some of the numerical values for parameters obtained 
for pairs and clusters of three are listed. Values Eire given both as 
obtained by direct PVT correlation and also as adjusted for the criti- 
cal condition. In addition to these values of e/k and b^ = ^ , 

corresponding values ane given for the ratios ^5/^2 
for P2 = R62/kb2, = Re^^kb^, and 
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T'/hile the constants as adjusted to fit the critical condition are 
prohahly preferable near the critical temperature, it can he expected 
that constants fitted to good hi^er temperature data will he preferable 
for the hl^er temperature regions. This is due to the limitations of 
the Lennard- Jones functions in representing all details exactly. 


DISGIKSION 


It must he reen^phasized that the tables are valid only to the extent 
that the gas inperfection is representable in terms of pair energies 
equivalent to binary encounters of spherical nonpolar moleciiles and 
pair energies in triple encoimters, the potential energies for pairs 
in an encoimter being of the form of eqmtlon ( 5 ) . How adequate these 
ass-uniptions are iTill, of course, depend upon the precision of the result 
desired. Deviations of properties of actual gases from those calculated 
■\rLll be of two hinds: Those due to interactions involving a greater 

niimber of molecules and those due to inadeq,uacy of the 6-12 potential. 

At rather Imr pressures, the third virial coefficient is relatively 
unimportant in regard to deviations from ideal behavior, in the sense 
of contributing less than 5 percent of the deviation at densities below 
5 Amagats. At high pressures such deviations should not be neglected, 
and it may be necessary to consider virlals hl^er than the third in 
such cases. 

There has been some interest in the limitations of the 6-12 poten- 
tial for the exact representation of act\ial deviations from ideality. 

It is certain that the 6-12 potential does not give a completely accu- 
rate representation of the pair potential for any molecule, since theory 
indicates additional attractive terms proportional to the eighth power 
of the distance and exponential, rather than twelfth-power, repvilsive 
forces even for the monatomic molectiles, which give spherical symmetry. 
However, these refinements lead only to minor changes in the resulting 
form of B(t) , such as may be adjusted for by a change in the param- 
eters € and ro* It is probable that no simple function with two 
disposable parameters can do better, in general. For molecules with 
large departure from spherical symmetry, the 6-12 potential may be 
expected to give only a ro\agh representation of derived properties over 
an extended range of tenperature . The comparative studies of various 
potential functions have, in general, hitherto been based on experimental 
values of the second virial coefficient derived from density measmre- 
mentsj since, however, the thermodynamic properties involving higher 
tenperature derivatives of the virial coefficients, such as Cp and 
sound velocity, are more sensitive to the particular form of the equa- 
tion of state, it can be expected that their measurement as a function 
of pressure and tenperature id.ll also lead to conclusions concerning 
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■fche BuitalDlUty of the L s nnar d-Jones potential function as a "basis for 
the calculation of all of the thermodynamic properties. 


National Bureau of Standards, 
Washington, D. C., May 5, 
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APPENDIX 

DETAILED EOPMULAS FOR TBERMODYMMIC PROPERTIIS 


Th(=> relations wblcli foUoi'/’ may Le ierivscL Ly standard, thennodynainic 
methods using the ixsiicated equation of state. The nomenclature of Bird 
Spots, and Hirschfelder is usedj n ame ly, 

(t) = T dB^*^^(T)/dr 


= t 2 d2B(°)/lT2 


C^^^ (t) = T dC^^^(T)/dT 

d^C^^^ (t) / dT^ 

The superscript o applied to the quantities E, H, S, 
so forth indicates that the property is for the ideal gas. 

The relations for Z, E, H, S, Cv-^ and Cp, as arranged for 
tabulating for a nonpolar gas having pair energies given hy a Lennard- 
Jones 6-12 potential with distinct parameters for clusters of three 
molecules, are; 
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The compress ihlUty factor Z = PV/rT: 
z = 1 . b( 0) (x,j(Vvj . ^ 

= 1+ T2‘V°'(T2)(b2kP/ii€2) + - 

[b(0)(tj)] . 3[T,-lB(0)(Tj)]^(l,52.2yb2S^) + 

3[x2-%(°>(T2)]^^(b2H>/Ee2)^ 

The internal energy E: 

(E - E“)/ET = -B<« (T2)(b2/V) - [o-JC^^’ (T5)(b,2/b22) - 

(-3)KA2^) * (-2)B'^V2)]('>2Af 

= -T2‘^B(l>(T2)(b2kP/Ee2) - -^5‘^[o-5c(^)( T,) - 

='°V3P'^'(^3)](S%>2V) - 

3T3-%(0)cTj)Ba)( .j)(b,2c2yb/,j2) X 

3t2-^(°)(t2)b(1)(t2)|( 


bgkp/Reg)^ 



53ie enthalpy 2 ; 




B 


( 0 ) 








The entropy S with Pq = 1 atmosphere and S° at 1 atmosphere: 
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The specific heat at constant volume Cv: 
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The specific heat at constant pressure Cp: 

(Cp - Cp°)/E = - C<°)(T5j - 0.5C<2 )(t5) + 

- (•r 2 )(t 2 lcP/E 62 ) + f-'3'^|°'^’ (^ 3 ) ' <=^°'(’' 2 ) ‘ 

0.50^2) + b(°^(T5)b(2)^T5) + [b(°^(t3) - 

* 5-3'^f (’•3 )b'^V3) + 

[®^°\’^3) ■ ®^^'^3)1 |(’=3^®s7’’2%^) ■ 

3t2-^|b<°> {t2)b< 2) (Tg) + [b( 0) (Tg) - 

=^^*{T2)]^]j(B2EP/Re2)^ 
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The dependence of y, the ratio of specific heats, a, the isentrOpic 
expansion coefficient, and a, the velocity of sound, on the second virlal 
coefficient and its derivatives may be indicated as follows: 


The specific-heat ratio 


7 - Cp^Cv: 


y = yO + jjyO _ + 27°(7° - (Tgj] (^2/^) 

) 

= 7° + T2“1[(7° - (T2) + 27°(7° - (T2)](t2M>/RG2) 


The Isentropic expansion coefficient a = -(v/p) (^P/Sv) g: 


a = -(V/P) (bp/^V) |p7 

= 7 ° + [V°B^°^(t2) + 270(70 - 1 )b(^^ (Tg) + (70 - ('^23(^2/^) 

= ^o + t2~i[70B^°^ (T2) + 270(70 _ (T2) + 

(70 - l)%^^^(T23(‘b2KP/Re2) 

The velocity of sound a wltb a at low pressiure eqml to 
a° = (RT7°/M)^/^ = (PVa°/M)^/^; 

[b^°\t2) + (7° - 1)B^^^(t 2) + 0.5(7° " l)^(r°)' ( t 2^ (b2/v) 

= T2-i[b^^^(t2)-h (7° - 1)B^^^(t2) + 

0.5(7° - l)^(7°)'V^^(T2|(b2KP/R€2) 
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TABLE 1.- COEFFICIEIITS IN Z = PV/RT 

Z = 1 + Zi(t2)(B2/v] + + “l2(-^2) ' “'l2('^5) ( ^ 2 /^) ^ 

- 1+ zi'(t2)(p/P 2) + [^'('r5)(p22/p5^) + zi2'(t2) - (•^5)(p27p3^)](p/P2)^ 



=1 


Zj 2 

^1' 

Z 2 ' 

Z12' 

T 

(at T2) 

(at Tj) 

(at Ti, i = 2 , 5) 

(at T2) 

(at T5) 

(at Tjl, 1 = 2 , 3) 


(a) 

(B) 

(c) 

(d) 

(e) 

(f) 

0.15 

- 466.37 


8.7 X 10^ 

-3,109.1 


2.9 X lo"^ 

.20 

-110.577 


48,900 

-552.887 


917,050 

.25 

- 48.205 


9,294 

-192.811 


111,528 

.30 

-27.881 


3,109.5 

-92.935 


25,910.9 

.35 

-18.755 


1, 406.88 

-53.585 


8,614.19 

.40 

- 13-799 


761.632 

-54.497 


3,570.15 

.45 

-10.755 


462.676 

-23.900 


1,713.61 

.50 

-8.7202 


304.168 

-17.4404 


912.504 

.55 

-7.2741 


239.649 

-13.2256 


594.172 

.60 

-6.1980 


153.659 

-10.3300 


320.124 

.65 

-5.3682 

-3.5766 

115.270 

-8.2588 


204.621 

.70 

-4.7100 

88.7378 

-6.7286 

-32.1655 

135.8251 

• 75 

-4.1759 

-1.7920 

69.7555 

-5.5679 

-54.1873 

93.0046 

.80 

-3.7542 

-.8495 

55.7778 

-4.6678 

-25.1156 

65.3646 

.85 

-3.3631 

-.2766 

45.2423 

-3.9566 

-16.0576 

46.9643 

.90 

-3.0471 

.0765 

57.3396 

-5.5857 

-11.3684 

34.58^ 

.95 

-2.7749 

• 2951 

30.8005 

-2.9210 

-8.2050 

25.5960 

1.00 

-2.5381 

.4297 

25.7674 

-2.5581 

-6.0122 

19.5256 

1.05 

-2.5302 

.5108 

21.7197 

-2.2193 

- 4.4618 

14.7753 

1.10 

- 2.1464 

.5576 

18.4277 

-1.9512 

-3.5465 

11.4221 

1.15 

-1.9826 

.5822 

15.7236 

- 1.7240 

-2.5521 

8.9170 

1.20 

-1.8559 

.5924 

15.4828 

-1.3300 

-1.9294 

7.0225 

1.25 

-1.7038 

.5933 

11.6114 

-1.5650 

-1.4781 

5.5735 

1.50 

-1.5841 

.5882 

10.0376 

-1.2185 

-1.1368 

4.4545 . 

1.35 

-1.4755 

.5795 

8. 7(^5 

-1.0928 

-.8765 

3.5825 

1.40 

-1.3758 

.5685 

7.5718 

-.9827 

-.6758 

2.8974 

1.45 

- 1.2847 

.5561 

6.6020 

-.8860 

-.5205 

2.3551 

1.50 

-1.2009 

.5454 

5.7685 

-.8006 

-.5994 

1.9228 

1.55 

-1.1255 

.5306 

5.0492 

-.7249 

-.5046 

1.5762 

1.60 

-1.0519 

.5180 

4.4261 

-.6574 

-.2299 

1.2967 

1.65 

-.9855 

• 5059 

5.8845 

-.5972 

-.1709 

1.0701 

1.70 

-.9236 

.4942 

3.4125 

-.5433 

-.1242 

• 8^5 

1-75 

-.8659 

. 4^2 

2.9994 

-.4948 

-.0871 

.7545 


^•Iiiltlpljr valufiB "by 
^Multiply values 'by ^'b^^v)^. 
‘^Multiply values 'by (-l)^(bj 


^Multlpy values by P/P 2 - 

°Multiply values 'by 

^Miltiply veJ-ues 'by (-l)^^pypj^^. 
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TABIE 1. - COEPFICIEHTS IH Z ■= PV/RT - Continued 


T 

^1 

(at T2) 

(a) 

Z2 

(at Tjj 
(■b) 

Zj2 

(at Tj, ± = 2, 3) 
(c) 

^1' 

(at T2) 
(d) 

Z2' 

(at T5) 

(e) 

Z22' 

(at Ti, i = 2, 3) 
(f) 

1.80 

-0.8120- 

0.4728 

2.6376 

-0.4511 

-0.0576 

0.6106 

1.85 

-.7615 

.4630 

2.3198 

-.4116 

-.(^2 

.5084 

1.90 

-.7141 

-4538 

2.0400 

-.3759 

-.0156 

.4238 

1-95 

-.6696 

.4452 

1.7934 

-.5454 

-.0008 

-3557 

2.00 

-.6276 

-4371 

1-5757 

-.3138 

.0108 

.2954 

2.1 

-.5506 

.4226 

1.2128 

-.2622 

.0271 

.2065 

2.2 

-.4817 

. 41 jOO 

.9282 

-.2190 

.0368 

.1438 

2.5 

-4197 

-3990 

.7045 

-.1825 

.0421 

-0999 

Z.h 

-.3636 

-3894 

.5288 

-.1515 

.0447 

. 0 ^ 

2.5 

-.3126 

.3811 

-3909 

-.1250 

-0453 

.0469 

2.6 

-.2661 

-3738 

- 2^3 

-.1024 

.04482 

.03143 

2.7 

-.2236 

-3674 

.2000 

-.08281 

.04554 

.02057 

2.8 

-.1845 

-3617 

.1362 

-.06590 

.04180 

.01503 

2.9 

-.1485 

.3568 

.0882 

-.05121 

.03980 

.00787 

3-0 

-.1152 

-3523 

.0531 

-.03841 

-05767 

.00443 

3-1 

-.0844 

.5484 

.0285 

-.02725 

-05552 

.00222 

3-2 

-.0558 

-3449 

.0124 

-.01743 

-05538 

.00091 

3-3 

-.0291 

.5418 

.0054 

-. 00 ^ 

.03131 

.00023 

3 -V 

-.0043 

.3389 

.0001 

-.00126 

.02952 

.00004 

3-5 

.0190 

-3364 

.0014 

.00542 

.02743 

.00009 

3-6 

.0407 

-3341 

.0066 

.01131 

.02565 

.00058 

3-7 

.0611 

-3320 

.0150 

.01652 

.02398 

.00082 

3-8 

.08(^ 

-3300 

.0258 

.02114 

.02241 

.00154 

3.9 

-09^ 

.3282 

.0387 

.02521 

.02094 

,00191 

4.0 

.1154 

.3266 

-0533 

.02885 

.01958 

.00250 

4.1 

-1515 

-3251 

.0692 

.03207 

.01851 

.00509 

4.2 

.1467 

-3237 

.0861 

.05492 

-01715 

.OC966 

4.3 

.1611 

-3224 

.1058 

.03746 

.01605 

.00421 

4.4 

-1747 

.5212 

.1221 

-03970 

.01501 

.00473 

4.5 

.1^6 

.5200 

.1408 

.04169 

.oi 4 o 6 

.00521 

4.6 

-1999 

-51B9 

-1598 

.04346 

.01518 

.00566 

4.7 

.2116 

-3179 

-1790 

.04501 

.01256 

.00608 

4.8 

.2227 

.3169 

.1985 

.04659 

.01160 

.00646 

4.9 

-2333 

.3160 

.2176 

.04760 

.01089 

.00680 

5-0 

-2433 

-3151 

-2569 

.04867 

.01023 

.ocrru 

5-2 

.2622 

-3134 

.2749 

.05042 

.00905 

.00765 

5-4 

.2794 

-3119 

.3122 

-05173 

.00802 

.00^ 

5-6 

-2951 

.3104 

.3485 

.05270 

.00712 

.00835 

5-8 

-3096 

-3090 

.3833 

-05358 

.00654 

.00855 

6.0 

-3229 

-3077 

.4171 

-05382 

.00565 

.00869 


^Multiply values ty 
^Multiply values ty 
‘^Multiply values tiy 
•^ilultlply values liy 
^Multiply values "by 
^Multiply values "by 


bg/V. 


(-I)i(bl/V) 2 . 


P/PS- 
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TABLE 1.- COEFFICIEHTS IN Z = PV/RT - Concluded 


T 

^1 

(at Tg) 
(a) 

Z2 

(at T5) 
(t) 

(at Ti, i = 2 , 3) 
(c) 

ro 

Z 2 * 

(at T5) 
(e) 

Z12' 

(at Tjl, i = 2 , 3) 
(f) 

6.5 

0.3520 

0.3046 

0.4955 

0.05415 

0.00428 

0.00880 

7.0 

.3761 

.3017 

.5658 

.05573 

.0®27 

.00866 

7-5 

.3963 

.2989 

.6283 

.05284 

.00252 

.00858 

8.0 

.4134 

.2962 

.6837 

.05168 

.00196 

.00801 

8.5 

.4280 

.2936 

.7329 

.05056 

.00153 

.00761 

9.0 

.4406 

.2910 

.7765 

.04896 

.00120 

.00719 

9.5 

.4514 

.2886 

.8152 

.04752 

.000959 

.006775 

10.0 

. 4&>9 

.2861 

.8496 

.04609 

.000757 

.006372 

11 

.4763 

.2813 

.9075 

.04530 

.000450 

.005625 

12 

.4882 

.2768 

.9535 

.04069 

.000267 

.004966 

13 

.4975 

.2724 

.9901 

.05827 

.000147 

.004594 

OA 

.5048 

.2682 

1.0194 

.C5606 

.0000682 

.005901 

15 

.5106 

.2642 

1.0428 

.C ^04 

.0000156 

.005476 

l £ 

.5151 

.2604 

1.0615 

.05220 

-.0000196 

. 0 C 3110 

17 

.5187 

•2567 

1.0765 

.03051 

-.0000430 

.002795 

18 

.5215 

.2531 

1.0880 

.028^ 

-.00005^ 

.002519 

19 

.5237 

.2497 

1.0971 

.02756 

-.0000681 

.002279 

20 

.5254 

.2464 

1. 1041 

.02627 

-.0000740 

.002070 

22 

.5275 

.2402 

1.1130 

.02398 

-.0000785 

.001725 

2 lf 

.5284 

.2345 

1.1168 

.02202 

-.0000776 

.001454 

26 

.5285 

.2292 

1.1171 

. 02 C 93 

-.0000741 

,001259 

28 

.5279 

.2242 

1.1148 

.018^ 

-. 0000 ^ 

.001066 

30 

..5269 

.2195 

1.1106 

.01756 

-.0000646 

.0009255 

35 

.5232 

.2091 

1.0951 

.01495 

-.0000528 

.0006705 

4 o 

.5186 

.2001 

1.0757 

.01296 

-.0000430 

.0005042 

45 

.5135 

.1922 

1.0548 

.01141 

-.0000555 

.0003907 

50 

.5084 

.1853 

1.0557 

.01017 

-.0000295 

.0003101 

60 

.4982 

.1735 

.9929 

.00850 

-.0000208 

.0002068 

70 

.4887 

.1638 

.9551 

.00698 

-.0000155 

.0001462 

80 

.4798 

.1556 

.9208 

.00600 

-.0000117 

.0001079 

90 

.4716 

.1486 

.8897 

.00524 

-.00000911 

.00008238 

100 

.4641 

.1425 

.8614 

.00464 

-.00000728 

.00006461 

200 

.4114 

.1068 

.6771 

.00206 

-.00000156 

• .00001270 

500 

.3801 

.0894 

.5780 

.00127 

-.00000061 

.00000482 

4 oo 

.3584 
1 

.0786 

.5137 

.00090 

-.00000051 

.00000241 


^Multiply val\ies 

■by 

bg/v. 

^Multiply values 

l3y 


Q 

Multiply values 

■by 

(-l)i(-bi/v)2. 

^Multiply values 

■by 

P/P2- 

0 

Multiply values 

by 


^Multiply values 

by 

(-I)i(p/Pl)2. 
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TABLE 2.- COEFFTCIEinS IH ENTHAIPY COKRECTIOH 




(h - h°)/rt 


1 + * ^12("^2) “ *^I2(f5)(^y^2^)] (^ 2 /^)^ 

1+ (Tg ^(p/P2 ) + |^' (T5)(p2yP3^ + hi2'(T2) - 


T 

hi 

(at T2) 
(a) 

hg 

(at T5) 
(13) 

hj2 

(at Tj^, i - 2, 5) 
(c) 

hi’ 

(at T2) 
(d) 

ha' 

(at Tj) 
(e) 

hj 2 ‘ 

(at T^, i = a, 3) 
( f ) 

0.15 

- 5 , 216.4 


6 X 108 

-21,443 


2 X 106 

.20 

-575.^ 


254,700 

-2,879.2 


4.8 X 106 

•25 

-206.59 


39,830 

-826.36 


478,000 

.30 

- 104.488 


11,652 

- 548.29 


97,100 

•55 

- 64 . 0 C 5 


4,801.4 

-182.86 


29,397 

.40 

-44.066 


2,432.23 

-110.165 


11 , 401.1 

.45 

-32.7445 


1 , 408.66 

-72.766 


5,217.26 

•50 

-25.6439 


894.48 

-51.288 


2 , 6^. 44 

• 55 

-20.8563 


654.84 

-57.920 


1,573.98 

.60 

-17.4468 


432.54 

-29.078 


901.12 

.65 

-14.9137 


320.24 

-22.944 


568.47 

.70 

-12.9671 

-17.72 

244.30 

-18.5244 

-160.80 

373.93 

.75 

-11.4299 

-10.82 

190.92 

-15.2399 

-K) 4.08 

254.56 

.80 

- 10.1884 

-6.65 

152.16 

-12.7355 

- 69.-84 

178.34 

.85 

-9.1665 

-4.057 

123.31a 

- 10.7841 

- 48.284 

128.006 

•90 

-8.5120 

- 2.400 

IOI.3U 

-9.2356 

-34.232 

93.806 

•95 

-7.5877. 

-1.322 

84.221 

-7.9871 

-24.794 

69.989 

1.00 

-6.9663 

-.609 

70.725 

-6.9665 

-18.290 

53.044 

1.05 

- 6.4279 

-.1547 

59.9137 

-6.1218 

-15.7081 

40.7576 

1.10 

-5.9570 

.1823 

51.1441 

-5.4155 

- 10.4164 

51.7009 

1.15 

-5.5419 

.5942 

45.9508 

-4.8190 

- 8.0102 

24.9248 

1.29 

-5.1754 

.5544 

37.9928 

-4.5112 

- 6.2249 

19.7879 

1.25 

- 4.8442 

.62^ 

33.0139 

-5.875^^ 

-4.8819 

15.8467 

1.30 

-4.5485 

.6826 

28.8200 

-5.4987 

-5.8594 

12.7899 

1.35 

-4.2811 

.7161 

25.2625 

-3.1712 

-5.0725 

10.3961 

1.40 

-4.0585 

.7328 

22.2253 

- 2.8846 

- 2.4610 

8.5046 

1.45 

-3.8173 

.7381 

19.61^ 

-2.6326 

-1.9815 

6.9977 

1.50 

-3.6150 

.7357 

17.3649 

- 2.4100 

- 1.6024 

5.78^ 

1.55 

- 5.4292 

• 7277 

15.4110 

- 2.2124 

-1.3008 

4.8109 

1.60 

-3.2579 

.7162 

13.7082 

-2.0562 

-1.0589 

4.0160 

1.65 

- 3-0997 

.7023 

12.2182 

-1.8786 

-.8640 

3.3659 

1.70 

-2.9529 

.6872 

10.9093 

-1.7370 

-7059 

2.8311 

1.75 

- 2.8164 

.6712 

9.7556 

-1.6094 

-5772 

2.3891 

1.6o 

-2.6894 

.6549 

8.7354 

-1.4941 

-.4719 

2.0221 

1.85 

-2.5706 

.6388 

7.^06 

-1.5895 

-.3854 

1.7160 

1.90 

-2.4595 

.&29 

7.0258 

-1.2945 

-.3140 

1.4597 

1.95 

-2.3553 

.6074 

6.50^ 

-1.2078 

-.2550 

1.2442 

2.00 

-2.2574 

.5926 

5.6671 

-1.1287 

-.2060 

1.0626 


®tialtiply values By 
^Jultiply values By 
cj.jiitlply values By 
'Hiiltlply values By 
“Multiply values By 
^'Multiply values By 


Ba/v. 

(-i)Hbi/v)2. 


P/P2- 

(-l)i(P/Plj2. 
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TABIE 2.- COEFFICIENTS IN ENTHALPY COBRECTION - Continued 


T 

Hi 

(at T2) 
(a) 

hg 

(at T3) 
(H) 

Hja 

(at T^, i = 2, 3) 
(c) 

Hi' 

(at T2) 

(d) 

H2' 

(at T5) 

(e) 

Ho 2 ' 

(at Tj, i = 2, 5) 

(f) 

2.1 

-2.0782 

0.5646 

4.5773 

-0.9896 

-0.1315 

0.7784 

2.2 

-1.9183 

.5394 

3.6963 

-.8720 

-.07948 

.57278 

2.5 

-1.7749 

.5168 

2.9795 

-.7717 

-.04313 

.42243 

2.4 

-1.6455 

.4965 

2.3930 

-.6856 

-.01766 

• 51159 

2.5 

-1.5381 

.4786 

1.9109 

-.6112 

.00014 

.22930 

2.6 

-1.4213 

.4626 

1.5130 

-.5467 

.01248 

.16786 

2.7 

-1.3236 

.4484 

1.1838 

-.4902 

.02092 

.12179 

2.8 

-1.2340 

.4358 

.9107 

-.4407 

.02655 

.08712 

2.9 

-1.1515 

.4246 

.6840 

-3971 

.03016 

.06100 

3.0 

-1.0752 

.4147 

.4956 

-3584 

.05251 

.04130 

3.1 

-1.0046 

.4058 

.3392 

—3241 

.03340 

.02647 

3.2 

-.9391 

•3979 

.2095 

-2955 

.05374 

.01535 

3.3 

-.8780 

-3909 

.1023 

-.2661 

.05354 

.00705 

3.4 

-.8210 

.3846 

.0141 

-.2415 

.03297 

.00091 

3.5 

-.7677 

.3789 

-.0582 

-2193 

.05212 

-.00556 

3.6 

-.7178 

.3739 

-.iJj69 

-1994 

.05110 

-.00677 

3-7 

-.6709 

.3693 

-.1641 

- 1813 

.02997 

-.008^ 

3.8 

-,6268 

.365X 

-.2014 

— 1650 

.02877 

-.01046 

3.9 

-.5854 

.3614 

-.2302 

-.1501 

.027^ 

-.01135 

4.0 

-.5461 

.3580 

-.2521 

-.1365 

.02652 

-.01182 

4.1 

-.5090 

.3550 

-.2677 

-.1241 

.02510 

-.01194 

4.2 

-4739 

.3522 

-.2781 

-.1128 

.02591 

-.01182 

4.3 

-.4406 

.3497 

-.2839 

-.1025 

.02275 

-.01152 

4.4 

-.4091 

.3473 

-.2859 

-.09298 

.02165 

-.01107 

4.5 

-.3792 

•3452 

-.2845 

-.08425 

.02056 

-.01054 

4.6 

-.3506 

.5432 

-.2805 

-.07622 

.01953 

-.00994 

4.7 

-.3234 

.3414 

-.2737 

-.06882 

.01855 

-.00929 

4.8 

-.2976 

.3398 

-.2650 

-.06199 

.01762 

-.00863 

4.9 

-.2728 

.5383 

-.2546 

-.05568 

.01674 

-.00795 

5.0 

-.2493 

.3369 

-.2426 

-.04985 

.01590 

-.00728 

5.2 

-.2051 

.3344 

-.2151 

-.05944 

.01435 

-.00597 

5.4 

-.1646 

.3322 

-.1^9 

-.03048 

.01297 

-.00473 

5.6 

-.1273 

.3303 

-.1505 

-.02275 

.01175 

-.00559 

5.8 

-.0929 

.3286 

-.1150 

-.01602 

.01062 

-.00256 

6.0 

-.0611 

.3272 

-.0789 

-.01018 

.00964 

-.00164 

6.5 

.0090 

.3241 

.0126 

.00138 

.007597 

.000224 

7.0 

.0678 

.3216 

.1020 

.00969 

.006043 

.001562 

7.5 

.1179 

.3194 

.1869 

.01572 

.004847 

.002492 

8.0 

.1609 

.3173 

.2662 

.02012 

.OC9918 

.003119 

8.5 

.1982 

.3154 

.3395 

.02555 

.003191 

.003524 


^Multiply values 'by 
^Multiply veilues Ly 
•^Multiply values by 
•^Multiply valxtes by 
^Multiply values by 
^l<Iultiply valiies by 


N^f- 

(-I)i(bi/V)2. 


P/P2- 
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TABLE 2.- COEFFICIEIiTS IN ENTHAIPY CCEBECTION - Concluded 


T 

111 

(at T2) 
(a) 

h2 

(at T5) 

(D) 

hi 2 

(at Ti, 1 = 2 , 3) 
(c) 

l^l' 

(at Tg) 
(d) 

h 2 - 

(at Tj) 
(e) 

B12' 

(at Tj, i = 2 , 5) 

(f) 

9.0 

0.2509 

0-3137 

0.4069 

0.02566 

0.002617 

0.003768 

9.5 

.2596 

-3120 

.4688 

.02733 

.002158 

.005896 

10.0 

.2850 

.3102 

.5254 

.02850 

.001789 

. 0059 in 

11 

.5278 

.3068 

.6246 

.02980 

.001245 

.005872 

12 

.3624 

.3034 

.7078 

.05020 

.000879 

.005686 

15 

.3907 

.3001 

.7776 

.03006 

.000626 

.003451 

14 

.4142 

-2969 

.^65 

.02959 

.000448 

.003201 

15 

-4339 

-2957 

.8863 

.02893 

. 00 C ^205 

. 00295^1 

16 

.4506 

-2905 

-9285 

.02816 

.0002282 

.0027202 

17 

.4648 

-2875 

-9645 

.02754 

.0001605 

.0025030 

18 

.4770 

.2845 

-9952 

.02650 

.0001101 

.0023036 

19 

.4876 

.2815 

1.0214 

.025^ 

.0000725 

.0021220 

20 

.4967 

.2786 

1.0438 

.02484 

.0000441 

.0019572 

22 

.5116 

.2730 

1.0795 

.02526 

.0000065 

.0016728 

24 

.5231 

.2677 

1.1057 

.02180 

-.0000151 

,0014396 

26 

.5320 

.2627 

1.1246 

.02046 

-.0000275 

.0012477 

28 

.5390 

.2579 

1.1381 

.01925 

-.0000540 

.0010888 

50 

,541^4 

-2533 

1.1475 

.01815 

-.OOOC 373 

,0009562 

35 

-5533 

.2429 

1.1581 

.01581 

-.0000381 

.0007090 

40 

-5579 

.2537 

1.1572 

.01595 

-.0000548 

. 000^24 

45 

.5598 

-2255 

1.1499 

.01244 

-.OOOC906 

.0004259 

50 

.5600 

.2181 

1.1387 

.01120 

-.0000266 

.0005416 

60 

.5576 

.2054 

1.1112 

.00929 

-.0000201 

.0002515 

70 

.5532 

.1948 

1.0812 

.00790 

-.0000154 

.0001655 

80 

.5479 

.1857 

1.0515 

.006^ 

-.0000121 

.0001252 

90 

.5423 

.1779 

1.0230 

.00605 

-.00000961 

.00009472 

100 

.5366 

.1710 

.9961 

. 0(^37 

-.00000780 

.00007470 

200 

.4890 

.1298 

.8047 

.00244 

-.00000178 

.00001509 

500 

.4567 

.1093 

.6945 

.00152 

-.00000071 

.00000579 

400 

-4531 

.0964 

.6208 

.00108 

-.00000057 

.00000291 


^’Multiply values 'by 
^Multiply values liy 
^Multiply values "by 
•^Multiply values ty 
^Multiply values By 
^Multiply values "by 


Bp/V. 

(-l)l(Bi/vj2. 

P/P 2 - 
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TAEtE 3. 


in HnBCPY COHKECnO® 


j^S - S°)/R = log^ (PoV/Rt) + 8 i(t 2 )(e 2 /v) + [aaCr,) + Bi 2 (t 2 ) - 

“ (v^) ■*■ °i’ ("^a) (^/^a) ■*■ ^2'C^3)(®27®3^) ■*■ ^la'C'^a) " ®i2'(’^5)(i’2y®3^)J 


■ 

m[ 


(at T^, 1 - 2 , 3) 
(c) 

«l' 

(at T2) 
(d) 

“2’ 

(at T5) 

° 12 ' 

(at T^, 1 - 2 , 3) 
(f) 

0.15 

-2,2 ^. 6 


4.7 X 10 ^ 

- 18,535 


1.86 X 10® 

.20 

-354.676 


181,300 

-2,326.27 


4,317,000 

•25 

- 110.184 


25,890 

-633.55 


422,230 

•30 

-48.727 


6,988.75 

-255.36 


84,150 

.35 

-26.493 


2,690.97 

-129.28 


25,089.5 

.40 

- 16.468 


1,289.784 

-75.668 


9,616.01 

.45 

-11.234 


714.646 

- 48.866 


3 , 503.64 

.50 

■ -8.2035 


438.228 

- 33.847 


2,227.19 

•55 

-6.3081 


275.366 

-24.695 


1,276.90 

.60 

-5-0309 


202.050 

-18.748 


741.06 

.65 

-4.1773 


147.333 

-14.685 


466.16 

.70 

-3.5471 

-12.65 

111.196 

-11.7959 

-134.7 

306.02 

-75 

-3.0781 

-8.13 

86.292 

-9.6720 

-86.99 

208.06 

.80 

-2-7199 

-5.38 


-8.0677 

-58.28 

145.66 

.85 

- 2.4403 

- 3.642 

55 . 449 T 

- 6.8275 

- 40.26 

104.52 

.90 

-z.sitq 

-2.515 

45.601 

- 5-8499 

-28.55 

76.61 

.95 

-Z.OiTS 

-1.765 

38.020 

-5.0661 

-20.69 

57.19 

1.00 

- 1 . 8 ^ 

-1.254 

32.073 

- 4 . 42 ^ 

-15.28 

45.38 

1.05 

-1.7674 

-.9009 

27-3341 

-5.9025 

-11.477 

33.570 

i.ao 

- 1.6643 

-. 6^2 

23-5026 

- 3.4642 

- 8 . 1 A 3 

25.990 

1.05 

-1.5766 

-4791 

20.5654 

-3.0950 

-6.744 

20.466 

1.20 

-1.5015 

-3542 

17.7686 

-2.7812 

-5.260 

16.277 

1.25 

-1.4366 

-.2643 

15.5967 

-2.5125 

- 4.143 

13.060 

1.30 

-1.3801 

-1996 

13.7637 

-2.2802 

-3.291 

10.563 

1.55 

- 1-3505 

-1529 

12.2042 

-2.0784 

■ -2.634 

8.605 

i. 4 o 

-1.2868 

-1197 

10.8675 

-1.9019 

- 2.123 

7.056 

1.45 

-1.2479 

-.0961 

9.7139 

-1.7467 

-1.721 

5.820 

1.50 

-1.2133 

-0793 

8.7122 

-1.6094 

- 1.403 

4.827 

0..55 

-1.1822 

-.0682 

7.^73 

- 1.4875 

- 1.148 

4.025 

1.60 

-1.1541 

-.0609 

7.0691 

-1.3788 

-.9440 

3-3677 

1.65 

- 1 . 1 ^ 

-0565 

6.3914 

-1.2813 

-.77^ 

2.^08 

1.70 

-1.1056 

-.0542 

5.7909 

-1.1957 

-6439 

2 . 3'884 

1.75 

- 1.0846 

-.0536 

5.2565 

- 1.1146 

-5557 

2.0219 

1.80 

-1.0653 

-.0542 

4.7790 

-1.0430 

-.4431 

1.7168 

1.83 

-1.0476 

-0557 

4.3509 

-9779 

-36^ 

1.4618 

1.90 

-1.0302 

-.0578 

5.9^8 

-.9186 

-.3062 

1.2477 

1-95 

-1.0161 

-.0603 

5.61B2 

-.8645 

-. 2^6 

l-06-^ 

2.00 
1 

- 1.0021 

-.0631 

5.3056 

-.8149 

-.2114 

.9149 


aitultlply values by 
^•fultlply values by 
“T-lultiply values by 
•^Multiply values by 
^Multiply values by 
^liiltlply values by 


ba/V. 

(-l)i(bi/v) 2 . 

P/Pa- 


(VP3i"- 

{-l)i(p/Pi)2. 
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TABLE 3.- COEEBTCIEHTS IN ENTROPT CORRECTION - Continued 



-0.9769 

-9549 

-9555 

-91i^ 

-.9029 

-.8890 

-.8764 

-.8650 

-.8544 

-.8448 

-.8358 

-.8275 

-.8197 

-.8125 

-8057 

-7995 

-7952 

-.7875 

-.7820 

-7769 


82 

(at T5) 
(1^) 


-0.0693 

-.0756 

-.083jB 

-.0876 

-.0930 

-.0980 

-.1026 

-.1068 

-.UU05 

-.1138 

-.1168 

-1195 

-.12175 

-.12380 

-.1^64 

-.12722 

-.12867 

-.12989 

-.15096 

-.13188 

-.13260 

-1355 

-1339 

-.15439 

-.1348 

-.15513 

-.13558 

-13556 

-.13568 

-13574 

-.13581 

-.15566 

-13556 

-.15492 

-15439 


^Multiply values "by 
^Multiply values "by 
^Multiply values "by 
‘^Multiply values “by 
^Multiply VEilues ly 
%Iultlply values "by 


8 j 2 

Ti, 1 = 2, 3) 

(c) 


2.7581 

2.304i 

1.9228 

1.5999 

1.3245 

1.0881 

.8838 

.7065 

.5517 

.4159 

.2965 

.1909 

.09725 

.01395 

-.06 c 97 

-.12687 

-1B651 

-.24015 

-.28817 

-.33205 

-37145 

-.40716 

-.45956 

-.46897 

-.49573 

-.52010 

-.54229 

-.56254 

-.58105 

-.59791 

-.62744 

-.65214 

-.67279 

-.69007 

-.70448 


(-I)i(tj/V)2. 

P/P2. 

(-l)^(P/p,f. 
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TABLE 5.- COEFFICIENTS IN ENTOOPY CQRKECTION - Concluded 


■ 


S 2 

(at T3j 
(8) 

si _2 

(at Tjl, i = 2, 3) 
(c) 

«l' 

(at T2} 
(d) 

® 2 * 

(at T3) 
(e) 

S12' 

(at Ti, i = 2 , 3} 
(f) 

6.5 

-0.6950 

-0.13275 

-0.73070 

-0.05277 

0.005458 

-0.004174 

7.0 

-.6843 

-.13088 

-.74661 

-.o44o4 

.004408 

-.002768 

7-5 

-.6747 

-.12892 

-75546 

T- 05712 

.003587 

-.001696 

8.0 

-.6659 

-.12694 

-75939 

-.03156 

.002940 

-.000887 

8.5 

-.6578 

-.12492 

-.75984 

-.02705 

.002428 

-.000280 

9.0 

-.6503 

-.12287 

-757^ 

-.02550 

.002018 

.000175 

9.5 

-.6433 

-.12084 

-75405 

-.02019 

.001689 

.000508 

10.0 

-.6367 

-.11892 

-.74902 

-.01759 

.001420 

.000754 

11 

-.6248 

-.11520 

-73659 

-.01350 

.001020 

.001059 

12 

-.6l40 

-.11172 

-.72241 

-.01048 

.000745 

.001205 

13 

-.6043 

-.10848 

-70755 

-.008214 

.000552 

.001254 


-5954 

-.10346 

-.69262 

-.006471 

.0004136 

.0012504 

15 

-.5872 

-.10264 

-67795 

-.005110 

.0005127 

.0012162 

16 

-5797 

-.10000 

-.66370- 

-.004C55 

.0002580 

.0011653 

17 

-.5726 

-09753 

-.64999 

-.003170 

.0001818 

.0011064 

18 

-.5660 

-.09522 

-.63684 

-.002472 

.0001392 

.0010443 

19 

-.5599 

-.09306 

-.62427 

-.001902 

.0001065 

.0009823 

20 

-.5540 

-.09103 

-.61227 

-.001455 

■.0000811 

.0009221 

22 

-.5455 

-.08732 

-58992 

-.000720 

.0000458 

.0008105 

2l^ 

-5337 

-.08403 

-56956 

-.000220 

.0000^7 

.0007125 

26 

-.5249 

-.08108 

-.55101 

.000157 

.0000097 

.0006280 

28 

-.5168 

-.07842 

-.55402 

.000595 

.0000007 

.0005556 

30 

-.5094 

-.07600 

-.51845 

. .0005^ 

-.0000050 

.0004955 

35 

-.4931 

-.07080 

-.48451 

.000860 

-.0000117 

.0005738 

40 

-.4793 

-.06649 

-.45630 

.000983 

-.0000155 

.0002905 

45 

-.4673 

-.06290 

-.45240 

.001028 

-.0000150 

.0002305 

50 

-.4567 

-.05982 

-.41184 

.001055 

-.0000120 

.0001866 

60 

-.4388 

-.05480 

-57815 

.000989 

-.00000973 

.00012807 

70 

-.4241 

-.05086 

-.55148 

.000921 

-.00000776 

.00009239 

80 

-.4117 

-.04768 

-52974 

.000^1 

-.00000622 

.00006926 

90 

-.4010 

-.04502 

-31157 

.000785 

-.00000505 

.00005553 

100 

-3915 

-.04276 

-.29610 

.000725 

-.00000416 

.00004240 

200 

-3339 

-.05040 

-.21094 

.000588 

-.00000100 

.00000874 

300 

-.3036 

-.02486 

-.17264 

.000255 

-.00000041 

.00000338 

400 

-.2^6 

-.02156 

-.14968 

.000187 

-.00000021 

.00000171 


^■Multiply values ty 
^Multiply values By 
^Multiply values By 
^Multiply values By 


B2/V. 

(-l)i(Bi/v)2. 

P/P2- 


® 14 iltlply values By 

^Multiply values By (-l)^^p/pj^j^. 
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TABLE !(■.- 


IH CORRECTION TOR SPECIFIC HEAT AT CONSTANT VOLUME 


j^Cv - (V°)/R - ^i(T 2)(^>2/V) + |j2^3)(^y^2^) + '"12('^2) " ^"12 C'3)(V/^2^)](^2/V)^ 

- '^l'(-^2)(P/l>2) + |j2’ (-^ 5 ) (^ 2 ^ 53 ^ + ''l2'(-^2) - ''12’C^3 )(p2^/’?5^)](Vp2)' 


•T 

(at T2) 
(a) 

W 2 

(at Tjj 
(B) 

W12 

(at Ti, 1 = 2 , 5 ) 
(c) 

'^l* 

■ 

(d) 

''2’ 

(at T3 n 
( e) ^ 

''12’ 

(at T^, 1 = 2 , 5) 

M 

0.15 

16,686 


- 6.14 X lO? 

111,240 


-2.38 X 10^ 

.20 

2,029.1) 


-1,763,500 

10 , 146.8 


-3.85 X 10® 

.25 

528.3 


-202,200 

2,115.5 


-28,280,000 

.50 

203.66 


- 46,190 

678.87 


- 4 , 501,000 

.55 

98.970 


-15,614 

282.771 


-112,300 

.1)0 

55.832 


- 6 , 746.1 

139.580 


- 37,350 

.^5 

3 l ).899 


-3,436.5 

77.555 


-15,112 

.50 

23 . 1)921 


-1,965.1 

46.9842 


- 7 ,o 4 o .8 

.55 

16.7181 


- 1 , 224.3 

30.3965 


- 3 , 645.4 

.60 

12.4210 


-814.1 

20.7017 


-2,047.5 

.65 

9.5^95 


-569.5 

14.^15 


-1,226.6 

.70 

7.5484 

81.3 

- 414.9 

10.7^ 

238.5 

-774.2 

.75 

6.1051 

52.0 

-312.5 

8.1401 

157.7 

-510.2 

.80 

5.0336 

34.4 

- 24 i .8 

6.2920 

8^.2 

- 348.5 

.85 

4.2186 

23.5 

-191.5 

4.9651 

52.1 

- 245.4 

.90 

3.5857 

16.4 

-154.6 

5.9841 

35.7 

- 177 .^^ 

•95 

3.0^ 

11.7 

-126.9 

3-2477 

22.4 

-131.1 

1.00 

2.6853 

8.4 

-105-7 

2.6855 

15.2 

-98.9 

1.05 

2.5560 

6.2 

-89.1 

2.2438 

10-6 

- 75-9 

1.10 

2.0862 

4.5 

-76.0 

1.89^ 

7.46 

-59.10 

1.15 

1.8615 

3-38 

-65.44 

1.6185 

5.55 

-46.69 

1.30 

1.6720 

2.53 

-56.83 

1.5933 

3.89 

-57.54 

1.25 

1.5114 

1.89 

-49-75 

1.2091 

2.86 

-50.19 

1.30 

1-3739 

1.42 

-43-85 

1.0568 

2.15 

- 24.66 

1-35 

1.2554 

1.06 

-38.90 

•9299 

1.60 

- 20.53 

l. 4 o 

1.1525 

.784 

-54.701 

.8232 

1.209 

-16.896 

l.l ^5 

1.0628 

.574 

-51-119 

.7550 

.922 

-14.151 

1.50 

.9840 

.410 

-28.059 

.6560 

.707 

-11.937 

1-55 

.9144 

.282 

-25.574 

-5899 

.545 

-10.154 

1.60 

.8528 

.1^ 

-25.054 

-5530 

.422 

-8.655 

1.65 

-7979 

.107 

- 21.024 

. 4^6 

.528 

-7.434 

1.70 

.7489 

.046 

-19.238 

.4405 

.235 

-6.417 

1.75 

.7048 

-.002 

-17.660 

.4027 

.199 

-5.567 


^Multiply values By 
^■lultlply values By 
^Multiply values By 
^lultiply values By 
^Multiply values By 
Multiply values By 


B2/V. 

(-l)i(Bi/v)2. 

P/Pg- 

(-l)"(P/pJ2. 
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TABLE 4-.- COEFFICIEHTS IH COHRECTIOH FOR SPECIFIC HEAT AT COHSTAHT VOLUME - Continued 


T 

'^l 

(at Tg) 
(a) 

V 2 

(at Tj) 

W12 

(at Ti, 1 - 2 , 3) 
(c) 

^1' 

(at T2) 

(a) 

V2' 

(at T5) 
(e) 

'^ 12 ' 

(at T^, .1 = 2 , 5) 

(f) 

1.80 

0.6651 

-0.039 

-16.238 

0.3695 

0.1548 

- 4.012 

1.85 

.6293 

-.067 

-15.008 

.5402 

.120 

- 4.2452 

1.90 

.5968 

-.089 

-15.890 

.3141 

.0955 

-3-7296 

1-95 

.5672 

-.105 

- 12.886 

.2909 

.0725 

-5.2888 

2.00 

■ .5403 

-.117 

-11.980 

.2702 

.0555 

-2.9103 

2.1 

.4931 

-.131 

- 10.420 

.2548 

.0519 

-2.3011 

2.2 

.4532 

-.138 

-9.129 

.200 

.0166 

- 1.010 

2.5 

.4193 

-139 

-8.050 

.1823 

.0070 

- 1.480 

2. If 

.3902 

-.136 

-7.141 

.1626 

.0011 

-1.2151 

2.5 

.3651 

-.130 

-6.367 

.1460 

-.0026 

- 1.0004 

2.6 

.3432 

-.123 

- 5 - 7 <« 

.1320 

-.0047 

-.001 

2.7 

.3241 

-.116 

-5.130 

.1200 

-.000 

-.038 

2.8 

•3073 

-.109 

-4.632 

.1098 

-.0066 

-.506 

2.9 

.2924 

-.101 

- 4.197 

.1008 

-.0068 

-.4939 

3.0 

.2792 

-.093 

-3.815 

.09307 

-.0067 

-.4203 

3.1 

.2674 

-.085 

-3.478 

.08626 

-.0001 

-.35952 

3-2 

.2568 

-.078 

-3.178 

.08025 

-.00627 

-.30895 

3.3 

.2474 

-.072 

-2.911 

.07497 

-.00592 

-.26667 

3 A 

.2388 

-.065 

-2.672 

.07024 

-.00554 

-.23110 

3.5 

.2310 

-.059 

-2.458 

.06600 

-.0017 

-.20102 

3.6 

.2240 

-.053 

—2.265 

.06222 

-.00482 

-.17548 

3.7 

.2176 

-.048 

-2.091 

.05881 

-.00451 

-.15367 

3.8 

.2117 

-.043 

-1.932 

.05572 

-.00418 

-.13499 

3.9 

.2064 

-.039 

-1.788 

.05292 

-.000 

-.1102 

4.0 

.2014 

-035 

- 1.07 

.05056 

-.00562 

-.100 

4.1 

.1969 

-.031 

-1.537 

.0405 

-.00559 

-.09299 

4.2 

.1927 

-.027 

- 1.428 

.0450 

-.00516 

-.08255 

4.3 

.1889 

-.023 

-1.527 

.04392 

-.00291 

-.07540 

4.4 

.1853 

-.020 

-1.254 

.04211 

-.00271 

-.06^0 

4.5 

.1820 

-.017 

- 1.148 

. 04 o 44 

-.00250 

-.0509 

4.6 

.1789 

-.014 

- 1.00 

.0580 

-.00254 

-.0222 

4.7 

.1760 

-.011 

-.996 

.(^745 

-.00218 

-.04678 

4.8 

.1733 

-.008 

-.9^ 

.03611 

-.00203 

-. 04 l^ 

4.9 

.1708 

-.005 

-.865 

.05486 

-.00188 

-.03769 

5.0 

. 1 ^ 

-.0031 

-.8066 

.03370 

-.00176 

-.03590 

5.2 

.1642 

.0018 

-.7011 

.05158 

-.00152 

-.02752 

5.4 

.1605 

.0062 

-.6090 

.02972 

-.00155 

-.02242 

5.6 

.1571 

.0101 

-.5282 

.02806 

-.00116 

-.0102 

5.8 

.1541 

.0134 

-.4571 

.0207 

-.00102 

-.01501 

6.0 

.1514 

.010 

-.3941 

.02524 

-.00090 

-.01251 


“Multiply values by 
^Multiply values by 
“Multiply values by 
‘^Multiply values by 
“Multiply values by 

^Multiply valiaes by 


bg/V. 

(-I)i(bi/V)2. 

P/P2- 

(-l)l(p/Pi) 2 . 
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TABLE I)-.- COEFFICIENTS IN COREECTION FCR SPECIFIC HEAT AT CONSTANT VOLUME - Concluded 


■ 


(at T 3 J 
( 1 ) 

^12 

(at Ti, 1 = 2, 3 ) 
(c) 

V ' 

1 

(at Tg) 
(d) 

"2' 

(at T 3 ) 
(e) 


6.5 

0.1458 

0.0226 

-0.2653 

0.02244 

-0.000682 

-0.007494 

7-0 

.1414 

.0270 

-.1674 

.02020 

-.000555 

-.004501 

7.5 

.1378 

-03C« 

-.0915 

.01^8 

-.000454 

-.002598 

8.0 

.1349 

.0327 

-.0319 

.01686 

-.000361 

-.001569 

8.5 

.1325 

.0346 

.0156 

.01558 

-.000506 

-.000568 

9.0 

.1304 

.0361 

.0539 

.01449 

-.000263 

-.000044 

9-5 

.1286 

-C974 

.0^0 

.01354 

-.000229 

.000299 

10.0 

.1270 

.0383 

.1105 

.01270 

-.0002C^ 

.000519 

11 

.1245 

.0390 

.1490 

.01132 

-.000167 

.000741 

12 

.1224 

.0396 

.1757 

.01020 

-.000140 

.000^ 

13 

.1206 

.0400 

.1945 

.00928 

-.000118 

.000796 

14 

.119a 

.0402 

.2078 

.00^1 

-.000102 

.000755 

15 

.1179 

.0403 

.2173 

.00786 

-.000088 

.000^8 

16 

.1167 

.0403 

.2239 

.00730 

-.000078 

.000640 

17 

.1157 

.0401 

.2284 

.00681 

-.000069 

.000585 

18 

.1147 

.0399 

.233A 

.00638 

-.000061 

.000530 

19 

.1159 

.0396 

•2333 

.00599 

-.000055 

.000481 

20 

.1131 

.0393 

.2343 

.00565 

-.000050 

.000457 

22 

.1116 

.03^ 

.2345 

.00507 

-.000042 

.000563 

24 

.1103 

.0376 

.2330 

.00460 

-.ooo <:96 

.000305 

26 

.1091 

.0367 

.2306 

.00420 

-.000031 

.000256 

28 

.1080 

.0357 

.2276 

.00586 

-.000027 

.000218 

50 

.1070 

.0348 

.2243 

-00557 

-.000024 

.000187 

55 

.1047 

.0329 

.2155 

.00299 

-.0000179 

.0001512 

40 

.1027 

.0313 

.2069 

.00257 

-.0000158 

.0000960 

•45 

.1010 

.0299 

.1988 

.00224 

-.0000109 

.0000726 

50 

.09937 

.0286 

.1914 

.00199 

-.0000088 

.0000564 

60 

.09658 

.0264 

.1784 

.00161 

-.0000060 

.0000362 

70 

.09419 

.0246 

.1675 

.001546 

-.0000044 

.0000248 

80 

.09211 

.0232 

.1582 

.001151 

-.0000035 

.0000178 

90 

.09026 

.0220 

.1503 

.001005 

-.0000025 

.0000153 

100 

.08861 

.0209 

.1434 

.000886 

-.0000020 

.0000102 

200 

.07778 

.0150 

.1040 

.000589 

-.00000042 

.00000180 

300 

.07165 

.0124 

.0^5 

.000239 

-.00000017 

.00000065 

400 

.06745 

.0107 

.0743 

.000169 

-.00000008 

.00000031 


^Multiply values "by 
^Multiply values by 
^Multiply values by 
*^MlLtlply values by 
0 

^filltiply values by 

■p 

Multiply values by 


b2/V. 

(-I)ifbi/Vj2. 

P/P2- 


(-l)i(p/p^j2_ 
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TABLE 5.- COEFFTCIEirrS IN CORRECTION FOR SPECIFIC HEAT AT CONSTANT PRESSURE 
(Cp - Cp°]y^ . c^i(T2)(t2/v) + - =12(^5) (b52/B2^^(^2/’)^ 

= Ci'(t2)(p/P2) + ^ 1 '^) + - =12’(-"5)(P2yP5^)](p/P2)^ 


T 

=1 

(at T2) 

(a) 

=2 

(at T3) 
(^) 

^12 

(at Ti, 1 = 2, 3) 
(c) 

ai' 

(at Tg) 
(d) 

C2' 

(at T3) 
(e) 

C12' 

(at T^, i 0 2, 5) 
(f) 

0.15 

22,186 


-7.24 X io7 

147,907 


-2.76 X lO^ 

.20 

2,959-9 


-2.304 X 10^ 

14,799 


-4.942 X lo"^ 

.25 

845.1 


-2.91 X lo5 

3,380.4 


-4.004 X 108 

•30 

556.88 


-72,550 

1,189.6 


-6.956 X lo5 

• 35 

1^.47 


-26,505 

541.35 


-187,540 

.40 

116.37 


-12,248 

290.92 


-66,516 

.45 

78.878 


-5,761.6 

175.284 


-28,452 

• 50 

57-3395 


-3,972.9 

114.679 


-13,891.5 

.55 

43.8824 


-2,602.8 

79.7863 


-7,549.0 

.60 

34.91B7 


-1,778.9 

58,1978 


-4,540.1 

.65 

28.6405 


-1,282.2 

44.0623 


-2,671.0 

.70 

24.0627 

510.2 

-957.8 

34.5752 

864.4 

-1,723.4 

.75 

20.6131 

220.5 

-736.2 

27-4841 

545.0 

-1,155.8 

.80 

17.9419 

l62f.3 

-579.4 

22.4274 

558.3 

-800.6 

.85 

15.8255 

122.9 

-465.0 

18.6182 

245.8 

-569.9 

.90 

14.1156 

95.3 

-579.5 

15.6840 

170.8 

-415.2 

•95 

12.7108 

75.4 

-315.8 

13.3798 

122.6 

-308.6 

1.00 

11.5398 

60.7 

-262.7 

11.3398 

90.0 

-253.5 

1.05 

10.5513 

49.5 

-222.3 

10.0489 

67.2 

-179.5 

1.10 

9.7074 

41.0 

-1B9.8 

8.8249 

51.1 

-159.6 

1.15 

8.9798 

34.27 

-165.55 

7.8086 

39.57 

-110.06 

1.20 

8.5470 

28.93 

-141.59 

6.9558 

50.75 

-87.69 

1.25 

7.7922 

24.64 

-125.50 

6.2357 

24.26 

-70.55 

1.50 

7.3023 

21.14 

-108.55 

5.6171 

19-55 

-57-26 

1.35 

6.8669 

18.26 

-95.50 

5.0866 

15.58 

-46.84 

1.40 

6.4778 

15.867 

-84.577 

4.6270 

12.642 

-38.605 

1.45 

6.1280 

13.862 

-75-208 

4.2262 

10.538 

-32.026 

1.50 

5.8122 

12.165 

-67.125 

5.8748 

8.509 

-26.731 

1.55 

5.5258 

10.722 

-60.111 

3.5650 

7-047 

-22.436 

1.60 

5.2648 

9.486 

-55.995 

5.2905 

5.869 

-18.928 

1.65 

5.0263 

8.423 

-48.636 

5.0462 

4.915 

-16.045 

1.70 

4.8074 

7.499 

-45.919 

2.8279 

4.131 

-15.661 

1.75 

4.6059 

6.6^ 

-39- 751- 

2.6319 

3.489 

-11.678 


^Multiply values By 
Biiuitipiy values By 
^Multiply values By 
^Multiply valvies By 
^Multiply values By 
^liiltlply values By 


B2/V. 

(-l)i(Bi/v)2. 


7^2 


(77)"- 

(-l)i(p/Pi)2. 
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TABLE 5 .- COEFFlCIEiraS IN CORKECTION FOR SPECHTC HEAT AT CONSTANT PRESSURE - Continued 


T 

=1 

(at Tgj 
(a) 

=2 

(at T 3 J 
( 8 ) 

=12 

(at Tj, i = 2 , 3 ) 
(c) 

= 1 ’ 

(at Tg) 
(d) 

= 2 ' 

(at T 5 ) 
(e) 

= 12 ' 

(at Ti, i » 2 , 3 ) 
(f) 

1.80 

4.4198 

5-993 

- 36.054 

2.4554 

2.9573 

- 10.0201 

1.85 

4.2475 

5-575 

- 32.763 

2.2959 

2.5156 

- 8.6278 

1.90 

4.0875 

4.830 

- 29.824 

2.1515 

2.1466 

- 7 . 4529 ' 

1-95 

3.9386 

4.348 

- 27.191 

2.0198 

1-8371 

- 6.4573 

2.00 

3.7997 

3.920 

- 24.826 

1.8999 

1.5761 

- 5.6103 

2.1 

3.5481 

3.197 

- 20.771 

1.6896 

1.1680 

- 4.2670 

2.2 

3.3265 

2.614 

- 17.450 

1.5120 

.8712 

- 3.2742 

2.3 

3.1297 

2.141 

- 14.705 

1.3608 

.6531 

- 2.5314 

2 . It- 

2.9540 

1.754 

- 12.419 

1.2308 

.4910 

- 1.9696 

2.5 

2.7961 

1.434 

- 10.502 

1.1185 

.5692 

- 1.5405 

2.6 

2.6536 

1.168 

- 8.885 

1 . 0206 . 

.2772 

- 1.2099 

2.7 

2.5242 

.944 

- 7.515 

.9549 

. 20 ^ 

-9532 

2.8 

2.4062 

.756 

- 6.544 

.8594 

.1550 

-.7526 

2.9 

2.2983 

.597 

- 5-545 

.7925 

.1115 

-.5947 

5.0 

2.1992 

.462 

- 4.482 

.7531 

.07944 

-.46986 

3.1 

2.1078 

.546 

- 3.740 

.6800 

.05453 

-.37062 

5.2 

2.0254 

.246 

- 3-097 

.6523 

.05509 

-.29142 

3.3 

1.9451 

.161 

- 2.540 

.5894 

.01998 

-.22799 

3.h 

1.8723 

.087 

- 2.054 

.5507 

. 008 ^ 

-.17702 

3-5 

1.8045 

.024 

- 1.651 

.5156 

-. 000 ^ 

-.15598 

3.6 

1.7411 

-.051 

- 1.262 

. 4^6 

-.00789 

-.10286 

3-7 

1.6817 

-.079 

-959 

.4545 

-.01551 

-.07611 

3.8 

1.6260 

-.121 

-.656 

.4279 

-.01742 

-. 0^9 

3.9 

1. 5737 

-.157 

-.409 

.4055 

-.02049 

-.05707 

4.0 

1.5244 

-,189 

-.191 

.3811 

-.02279 

-.02292 

4.1 

1.4779 

-.217 

0 

.5605 

-.02446 

-.01156 

4.2 

1.4339 

-.241 

.168 

.5414 

-.02557 

-.00245 

4.5 

1.3923 

-.261 

.514 

.5258 

-.02625 

.00488 

4.4 

1.3529 

-.279 

.445 

.3075 

-.02660 

.01069 

4.5 

1.5155 

-.294 

.556 

.2923 

-.02669 

.01527 

4.6 

1.2799 

-.307 

.655 

.2782 

-.02661 

.01884 

4.7 

1.2461 

-.518 

.741 

.2651 

-.02655 

.02159 

4.8 

1.2138 

-.328 

.815 

-2529 

-.02597 

.02566 

4.9 

I. 1 B 30 

-.556 

.880 

.2414 

-.02549 

.02518 

5.0 

1.1537 

-.5435 

-9566 

.2307 

-.02496 

.02623 

5.2 

1.0987 

-.5552 

1.0260 

.2113 

-.023715 

.027291 

5.4 

1.0484 

-.3597 

1.0902 

.1941 

-.022380 

.027345 

5.6 

1.0020 

-.3636 

1.1541 

.1789 

-.021024 

.026755 

5.8 

.9591 

-.3654 

1.1617 

. 1 ^ 

-.019688 

.025708 

6.0 

.9194 

-.3653 

1-1765 

-1552 

-. 01^94 

.024429 


s-Holtipiy values tiy 
^^iultiply values liy 
‘^Multiply values 'by 
'^Multiply values by 
^Multiply valiies by 

•f 

Multiply vaJLues by 


bg/T. 

(-l)i(bi/7]2. • 


P/P 2 - 

(-I)i(p/Pl)2. 
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TABtE 5-- COBSFFICIEtnS IN CORRECTION FOR SPECIFIC HEAT AT CONSTANT PRESSURE - Concluded 

) 


T 

<^l 

(at T2) 
(a) 

C 2 

(at T3) 
(1) 

C22 

(at Tjl, 1 = 2 , 3) 
(c) 

°l’ 

(at Tg) 
(d) 

C2’ 

(at T3) 
(a) 

C12' 

(at Ti, i = 2 , 3) 
(f) 

6.5 

0.8519 

-0.3601 

1.1709 * 

0.1280 

-0.015455 

0.020784 

7.0 

•7579 

-3499 

1.1264 

-1085 

-.012957 

.017170 

7-5 

.6947 

-.3367 

1.0595 

.09262 

-.010880 

.013941 

8.0 

.6399 

-.5222 

.9805 

.07998 

-009167 

.011186 

8.5 

.5920 

-.3071 

-8957 

.06965 

-.007758 

.008889 

9.0 

.5498 

-.2922 

.8090 

.06109 

-.006598 

.006997 

9.5 

.5123 

-.2776 

.7229 

•05393 

-.005638 

.005448 

10.0 

.4788 

-.2630 

.6389 

.04788 

-. 004^7 

.004183 

11 

.4214 

-.2367 

• 48 o 4 

. 03851 

-.005615 

.002311 

02 

• 3740 

-.2125 

.3365 

.C9116 

-.002744 

.001067 

15 

• 3342 

-.1906 

.2070 

.02571 

-.002112 

.000241 

l 4 

.3004 

-.1711 

-0917 

.02145 

-.001646 

-.000306 

15 

.2712 

-1535 

-.0110 

.01808 

-.001298 

-.000664 

16 

.2458 

-.1378 

-.1027 

.01556 

-.001053 

-.000896 

17 

.2235 

-.1237 

-.1845 

.01515 

-.0008291 

-.0010395 

18 

.2037 

-.1109 

-.2576 

.01132 

-.0006704 

-.0011231 

19 

.1862 

-.0996 

-3232 

.009798 

-.0005460 

-.0011653 

20 

.1704 

-.0892 

—3821 

.008520 

-.0004467 

-.0011790 

22 

. 3^33 

-.0712 

-. 4^0 

.006514 

-.0003033 

-.0011540 

2 k 

.1209 

-.0561 

-5655 

.005056 

-.00020^ 

-.0010926 

26 

.1020 

-0435 

-.6336 

.003922 

-.0001441 

-.0010170 

28 

.0859 

-0327 

-.6901 

.005067 

-.0000995 

-.0009581 

30 

.0720 

-.0234 

-.7374 

.002400 

-.0000681 

'-.0008615 

35 

.0445 

-.0051 

-.8254 

.001271 

-.0000252 

-.0006928 

4 o 

.0241 

.0081 

-.8837 

.000605 

-.0000028 

-.0005601 

A 5 

.0084 

.0180 

-.9227 

.000188 

.0000068 

-.0004578 

50 

-.0039 

.0256 

-9488 

-.000079 

.0000110 

-.0005787 

60 

— 0221 

.0361 

-.9768 

-.000569 

.0000151 

-.0002683 

70 

-.0348 

.0428 

—9860 

-.000497 

.0000122 

-.0001977 

80 

— 044 l 

.0473 

-9850 

-.000551 

.0000107 

-.0001506 

90 

-.0510 

.0502 

—9784 

-.000567 

.0000092 

-.0001178 

100 

-.0564 

.0525 

-9686 

-.000564 

.00000785 

-.00009424 

200 

-.0773 

.0554 

-.8445 

-.000586 

.00000218 

-.00002052 

500 

-.0814 

.0521 

—7494 

-.000271 

.00000092 

-.00000798 

400 

-.0821 

.0487 

-.6804 

-.000205 

.00000049 

-.00000407 


^Multiply values by bg/V. 
^Idiltiply val\:es by (b^/vj^. 
^Multiply values by (-l)^(bj^/v)^. 


^Multiply valvies by 
^Multiply valiies by 
^Multiply values by 










<.'T 






V3 

i.4o 

1.55 

1.50 

1.25 

1.20 

1.15 1 

1.H3 

1.05 

1.00 


5.9013 

3.5^56 

5.2462 

£.9910 

2.7711 

£.9798 

£.4119 

E.£fe5 

£.1514 

2,0151 

1.9067 

1.6105 

1.7226 

1.6427 

1.5694 

I.50CO 

1.4 


"iiiltlply »n urtrles ly to o’btu.ln oanreotloD. 
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(b) Co€fflclantB of (lanal-tgr-dB^peolent oorreotlons, 2?^(7® - + ( 7 ® - - Ooiicli»iod 



■P" 

\J4 


HACA IN 5272 











UBQ 6.- 


OOEFj?H0HHB oar OUHHULBIICMB PBCM HJEUr-OAS Tmra to rajc,.^ Vjmra op atEnilC-EHAS ngum y _ Ocnitliaiaa 
(b) CoeHlolfinto of proiiuro-dopaiiilMit eorraotlooe, + (7° - 


$■ 



MCA TN 3272 




















' K> K to K to ro 


} 
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UBU; 7 ,~ CCUKTCCXESnS Of COKHEOTJCOEB IKK TnHAT- ffAH TJUTX3 TO BEAIi-QAS TAEUEB OF xasaTOClFia Sn>jEBICn COEXnCXElB? a - Ooartlnnad. 
(a) OoaEflclontii of flaiulty-dapanilant oorreotlons, + 27^(7° - 1 )b(^^^T 2 ) + (7° - - Ccmolndad 




if. a 

.9 

4.5 

.9 

4.4 

.9 

4.5 

• 9 

4.6 

.9 

4.7 

.9 

4.8 

•9 

4.9 

.9 

5.0 

.9 

5.2 

• 9 

5.4 

.9 

9.6 

.9 

5.8 

• 9 

6.0 

.9 

6.5 

.9 




“itlltlidy all ontrlaB Ijy 'b2P to'olrtalii oorrectifai. 


NACA TN 




































EABIE 7— (XemCIESro of COEHECZIOGS JBCU IMAIxCUS TJMJDIS TO !lEAL-aA8 YiLDiS 07 IHKVfliUt > XU EgJfflBim OOJrFJUliM a « Ocvtlniied 


(t)) CoefflolMitf of x>^«flAire-^ljpmdflxit coxxoctlozifli *T^I 


j 7 <^( 0 )(T 2 ) + 2 j«( 7 ° - 1)bC 1)(Y2) + (r° - 1)^(2)(T2) 



^2 

3/3 

0.15 

-50,177 

.20 

.23 

-2,W.W 

4i5.66^ 

•30 

-116.157 


-42.61^ 

-I8.6IK) 

.l^5 

-p.U^7 

-t.aigit 

• 30 

• 35 

-2.6239 

.60 

-1.4199 

■ 65 

-.7156 

■ 70 
•T3 

-.2792 

-.0016 

.& 

.iBoe 

• S3 

•5032 

• 90 

.3865 

• 95 

.4431 

J-00 

.4816 

1.05 

• 5074 

1.10 

.3240 

1.15 

.5340 

1.20 

1.S5 

• 7 i 9 X 

.5407 

1.50 

.»96 



• 5320 

l.l^3 

.5264 

1.50 

.9200 

1.55 

.5131 

l.fio 

1.63 


1.70 

1.73 


1.W 

1.85 

.4145 

.4^ 

!.<» 

.4588 

i.» 

2.0 

.4^ 

.4454 

£.1 

.4s85 

£.£ 

.4142 

2-3 

.4003 


^nM r.'hr all antrlM liy iP to ottaln ot aT ao Ll an. 

- 































TiBUB 7'- CuEj'/iOUXTB OP OCBEBOHnB IBOU USAL-OWS VAUJE3 TO BKAL-CUkS TJUDB CF IBEUBOPID KPitBTCB 

0>) Coctflalaiiti at pr»ag »r rn-dap«nl»gt oorreotlousj + 27°(/> - 1 )b(D(T3) + - 1)%<2)(T2)] 


- /Vm rw^ ^ 

- Oaaflluiftd 



4 ^ 

VO 


I 
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'CABUI o,** OOBFFSJIEJnB Cff CORHE C n O lB 7BC» HEAL-OAS 7ALCBS TO REAL-0A3 TAIZZS OF SODUD VELOOm ft 
(a) Oaofficieirta of denslty-^oiieDaoirt conwrtianftj B (o)^Te) + (7° - i)BW(f2) + 





5/3 

i.4o 




-93.61 

-33.139 

-LT.631 

-n-ii02 

-S.3i>2 

-6,it66 

-5.1066 

-2.7022 

-2.^522 

-2.1778 

-1.^1 

-1.71176 

±531 

-1.29HI 

-1.1768 

-1.0721 


-5K).5 

-62.05 

-51.110 

-17.360 

-8.W3 

-6.637 

-5. 39611 

-4.5113 

-3.0451 

-3.3267 

-2.9118 

-9.57B2 

-2.2093 

-1.6671 

±1^ 

-1.2531 

-1.1W3 

-1.04^ 

-.9502 

-.9779 

-.8048 

-7370 

-.6763 

-.6196 

-.5672 

-.5187 

-.4739 

-.4315 

-3922 

-.3555 

-.sell 

-.2887 

-25® 

~.zsg6 

-1770 

-.12^ 

-0&73 


-409.3 

-73.46 

-29.940 

-17.252 

-11.739 

13S 

-4.0520 

-3.4959 

-5.0658 

-2.7153 

-2.4190 

-2.1699 

-1.9563 

-1.7711 

-1.6091 

-1.4662 

-1.3592 

-1.0314 

-.9476 

-.8712 

-.6015 

-7370 

-.6778 

-6®l 

-.37® 



B MnU Hpiy nil entrlai liy to dbtaln corroctlon. 




















£iBi£ a.- ooEWTiri Birm or caHHimrua ikm iDEAi.-a;(s y/ttus to beal-cus taises ct squhb TDJoocrr 


Coctlmed 




I 


(a) Coefflolanta at danaity-dapandjaiit oorreotlons^ 


B(°>(Te) + (7° - i)B(i)(Te) + 


- Concm^wt, 



U1 


I 


HD VDVH 








Tiwra Q.. tXKmsxssara or ocBEEurnns iwu talues io exal-^ vauus o? boqid VEiooizr & . oootiniMd 

Cb) Co«fflol«nti of proBeuro-depaolant oorrectiooe, + (t° - 1)b(^)(t2) + 


VJl 

ro 



_ 













3/3 

1.40 

1.53 

1.50 

1.23 

1.20 

1.15 

1.10 

1-05 

1.00 

0.15 

-10,608 


- 3,403 

- 2,729 

- 2,229 

- 1,908 

-1,806 

- 1,948 


-3,109 

.20 

- 973 - 3 , 

- 410.1 

.^.9 

- 541.5 

- 534.3 

- 348.7 

-130.85 

-387.3 

- 552.9 

. 2 ? 

-221.16 

-132.36 

- 124.44 

-U 9-76 

-110.93 

-36.I36 

- 122.44 

- 144.82 

-163.16 

-192.81 

•50 

-81.509 

-58.769 

-32.807 

- 57- 532 

-57.906 

-61.690 

-66.269 

-72.607 
-43. uA 

-81.304 

- 92.933 

• 33 

al. 

-10.1660 

-32.898 

-33.340 

-^.799 

-36.732 

- 39.489 

-47.766 

- 25 -yoo 

■ .40 
•'tP 

.30 

-20.654 

-irt.pTO 

- 21.212 

- 14.?50 

-10.7^ 

- 8 . 20 » 

- 21.667 

-15.500 

- 11.2559 

-22.053 

^.£12 

- 17*048 

-10. vcp 5 
- 13 . 485 a 

- 20.^3 

-51.0te 

- 11.8433 

-i 4 . 57 ^ 

-11.1168 

- 15 .gS 16 

• 35 

-7.4006 

-7.9069 

-B.9790 

- 9.0466 


-10.3019 

- 1 £.o 659 

-9.WIB 

-13.2256 

.60 

-Ai 5 ^ 

-6.4086 

-6.7201 

-7.0979 

-7.3503 

-6.0671 

-8.7197 

- 10.3300 

.65 


- 4.9024 

- 3 .UflO 

- 3 . 57 » 

- 5 » 6 &^ 

- 6 .C^ 

- 4 . 94 a 4 

- 6.4870 

-8.9905 

:I; 5 S 

-8.2388 

• TO 

•P 

- 3.4481 


-4.1597 

-i.5790 

-4.6390 

-m 

-3.7093 

-6.72« 

-2.7844 

-5.4297 

- 2.6616 

-3.6177 

^.0238 

- 3-^70 

-4.0916 

-4.7238 

-5.1170 

-3.9679 

•to 

*•2.2796 

-2.7223 

-3.2116 

-3.4260 

-3.6770 

-3.98^ 

-3.33^ 

4.2911 

4.667B 

.83 

«-L. 8 o^ 

-2.2893 

- 2.4117 

-2.3328 

-2.7152 

-a. 9014 

- 5.1146 

- 3 .ft >74 

-3.9366 

.90 

- 1 . 57 ^ 

-1.9419 

- 2 . 04 W 

iSgf 

-2.5155 

-2.4771 

- 2.6616 

-2.8720 

-3.1119 

- 3.3837 

• 93 

-1.327^ 

-1.6991 

-1.73^ 

-1.9609 

- 2.1307 

- 1.6448 


-2.4732 

-2.6836 

- 2.9210 

1.00 

- 1.1246 

- 1.4262 

-1.3118 

-1.6091 

-1.7193 

- 1 . 4 ^ 

- 2.1477 

- 2.3304 

-2.3361 

1.05 

I.® 


-l. 30 » 

-1.3969 

-1.6062 

- 1.7322 

-I.&747 

-2.oj6l 

- 1-7883 

- 2.2193 

1.10 

- 1.1392 

- 1.2173 

-1.5058 

- 1.4055 

-1.5179 

- 1.6449 

- 1.9512 

1.15 

-.7018 

-9522 

-.6149 

-9931 

-1.06^ 

- 1.1455 

-1.2:552 

-1.3362 

-1.4300 

- 1-5786 

- 1.7240 

1.20 

-. 6 C 02 

-.am 


- 1 . 00 ^ 

- 1 . 0^6 

- 1-1608 

- 1.2654 

-1.3992 

- 1 .^ 

1.23 

-.9193 

-7143 

-6273 

-7663 


-.0900 
^ - 7 ^ 

-9645 

-l.o 47 £ 

- 1.1401 

- 1.2446 

-1.3830 

1.30 

-.4474 

-6735 

-.7289 

-.0361 

-.9315 

-1.0161 

- 1.1112 

- 1.2105 

1.55 

-3534 

-3921 

-3961 

-.6435 

-.7004 

-.7619 


-.9081 

-.8156 

•>.^9 

- 1.1348 

1.40 

-.95^ 

-.4864 


-.3723 

-.6230 

-6795 

-.7427 

-.0952 

-.ofic 7 

1.43 


-4288 

-. 3 ^ 

-.4319 

-. 4 cao 

-3350 

-6071 

-6634 

-7306 

-.8037 

-.fe 66 o 

1.50 

a-?? 

-!2085 

- 378 a 

-3336 

-.2^0 

-.4131 

-.3660 

-.4951 

•*.4421 

-3433 

-.4668 

-.5971 

-.6373 

-.3923 

-7247 

-w 

-.8006 

-7249 

1.60 

-1770 

- 5*2 

-3577 

-.31^ 

-3930 

-.4365 

-.4028 

-M 

-.5924 

-.6574 

1.63 

-.1492 

-.1246 

-2368 

-.2870 

-- 5 W 1 

-591B 

-4348 

-.5^ 

-.WTO 


l.TO 

-.2274 

-.2338 

-.2S31 

-3156 

f ( 

-.3919 

-.4360 


l.p 

-.1027 


-.2241 

-.2516 

-.2820 

-. 3 W 

-5953 

-.4422 


i. 4 o 

-.C ^22 

-1973 

-.2252 

-.2918 

-*26W 

-31Bt 

-5300 

-.4019 

-.4511 

1.35 

-.06304 

-1317 

-.1735 

->1977 

-.nw 

-.2246 

-. 254-5 

-.2674 

::gi 

-3633 

— 4 n 6 

1.90 

-.03050 

-. 1 ^ 

-. 1 ^ 

-.2000 

-.2260 

-2391 

-.3325 

-3759 

1-95 


-.1150 

-1325 

-.1940 

-1778 

-.2042 

-.2333 

-.2661 

-.3026 

-3454 

e.o 

-.09643 

-.1148 

-1351 

-1376 

-.1825 

-.2102 

— 2410 

-2733 

-.3138 

2.1 

..OCSK 

.01478 

-.067SO 

-06427 

-.ibcM 

-. 075 W 

-.1226 

-.1449 

-1696 

-1971 

— 2 ^ 

—2622 


-.04413 

-.05900 

-.09550 

-.1136 

-1358 

-.1603 

-.1681 

-.2190 

2.3 

.02891 

-.02435 

-(^5798 

-.03260 

-.06918 

-.00730 

-.1074 

-1297 

-1546 

— 1825 


oil tntrlo* Ijy 


E®b2 


f to obtain co r rft ctl oc. 
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TABX£ e.- C Ugf F JUmm C(F C OHiffiCTIOlB 730 X BXAIr^US VAJUS3 10 SEAL-CUS TALQX3 OP BOOSD V£I£OITT a - r,OTifl 1 tm>i 1 


(b) Co*fflolenta of pro»*ur«-<Jap*iiilj»nt corr*otlona, + ■ 


o.oAoW 
.0500 
.09776 
• Oftlfi 
.06940 
.07569 
.O77W 
.08001 
.061228 
.00407 

.0854.7 

.08655 

.00750 


-O.OO 8 IB 

.005^ 


-0.02099 

-.005^ 

.00664 

.01797 

.02650 

.095^ 

.ofc«5 

.04508 

.05049 

.0^6 

.037^ 

.06070 

.06912 

.06315 

.06686 

.06826 

.06944 

.07059 

.07115 

.07174 

.07EI9 

.07251 

.072j 

.072^ 

.07265 

.07280 

.0^8 

.07170 

.070^ 

.07016 

.06^ 

.06661 

.06425 

.06169 

.09910 

.09666 

.0^54 

.03214 

.09007 


-O.W386 

-.01790 

-.0044o 


-0.04875 

-.03^3 

-.QlooO 

-.00459 

.00652 

.OI5W 

.02^ 

.02998 

.C3^6 

.04074 

.04509 

.(W72 

.03190 

.05463 

.03697 

.05894 

.06067 

.06211 

• OM55 

.06435 

.06319 

.06907 

.06642 

.06683 

.06716 

.06739 

.067^ 

.06760 

.06743 

.06708 


1.20 

1.15 

-0.06318 

-0.0^1 

-.04644 

-.06906 

-.U5O51 

-.049fy 

-.01691 

-.00526 

.00475 

-.05004 

-.01808 

-.00708 

.01337 

.00242 

.02081 

.01065 

.02723 

.01778 

.09279 

.02999 

.OT76I 

.d4l78 

.02999 


-0.K57 

-.0^1 

-.06iC)Y 

-.04^ 

-.03252 

-.02022 

-.00974 

-.00064 

.00750 

.01421 

.02026 

■02353 

.05018 

.09424 

.05700 


-0.1263 

-.1021 

-.061^ 

-.06333 

-.04818 

-.05486 

-.02526 

-.01^ 

-.Oc450 

.00533 

.01010 

.01604 

.02127 


*4»iltlj>lT «U entrla* bj 


a°bg 


to obtain oorreotloo. 
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TABLE 9.- VALUES OF Lq IN VARIOUS UNITS AS A FUNCTION OF 


1^0 


a 

ar^/ g-mole 

cu ft/lh-mole 

cu in. /lb-mole 

Amagat"^ 

(a) 

2.k 

17.444 

0.27942 

482.84 

0.77823 X 10"5 

2.5 

19.717 

.31585 

545.75 

.87963 

2.6 

22.179 

.55527 

615.91 

.98947 

2.7 

24.838 

.39786 

687.50 

1. 10810 

2.8 

27.701 

.44572 

766.75 

1.25582 

2.9 

30.776 

.49298 

851.87 

1.57501 

3.0 

54.071 

.54576 

943.07 

1.52001 

5.1 

37.593 

.60218 

1 ,o 4 o .57 

1.67714 

5.2 

41.350 

. 66236 

1,144.56 

1.84475 

5.3 

45.348 

.72640 

1,255.22 

2.02511 

3A 

49.597 

.79446 

1,572.85 

2.21267 

3.5 

54.104 

.86666 

1,497.59 

2.41374 

5.6 

58.875 

.94508 

1,629.64 

2.62659 

3.7 

63.918 

1.02586 

1,769.25 

2.85157 

3-8 

69.242 

1. 10915 

1,916.61 

5.08909 

3-9 

74.854 

1. 19904 

2,071.94 

5.55946 

4.0 

80.761 

1.29566 

2,255.44 

5.60299 


86.971 

1.59514 

2,407.55 

3.88004 


95.491 

1.49758 

2,587.82 

4.17091 

39 

100.529 

1.60711 

2,777.09 

4.47598 

mm 

107.493 

1.72186 

2,975.37 

4.79558 

4.5 

114.990 

1.84196 

5,182.91 

5.13005 

4.6 

122.827 

1.96749 

5,399.82 

5.47968 

4.7 

131.013 

2.09862 

3,626.41 

5.84488 

4.8 

139.555 

2.25545 

5,862.86 

6.22597 

4.9 

148.460 

2.57809 

4,109.54 

6.62524 

5.0 

157.736 

2.52668 

4,566.10 

7.05708 


Amagat = Density of gas at 1 atm and 275.16° K. It is here 
assumed that PV/rt = 1.000 xinder these conditions; multiply tabu- 
lated values hy true values if known. 
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TABLE 10.- VALUES OF GAS CONSTANT R IN VARIOUS UNITS 


p 

V 

T 

R 

atm 

cm^/mole 

°K 

82.0567 atm cm^/mole Or 

kg/cm^ 

cm^/mole 

°K 

84.7852 (kg/cm^) cm^/mole °K 

bairs®' 

cm5/mole 

°K 

85 . l440 bars cm5 /mole Ok 

mm Hg 

cm^/mole 

°K 

62565.1 (mm Hg)cm5/mole Or 

atm 

l/mole 


0.08205^4 atm l/mole °K 

kg/cm^ 

l/mole 

°K 

0.0847809 (kg/cm^) l/mole Ofc 

mm Hg 

l/mole 

°K 

62.5615 (mm Hg) l/mole or 

atm 

cu ft/(lb) mole 

Or 

0.750251 atm cu ft/mole Or 

mm Hg 

cu ft/(lb) mole 

Or 

554.976 mm Hg cu ft/mole Or 


10^ dynes /cu^. 





(3) tJ8o4 In HBS-HAOA tablna 
(h) Hofaranca 19. 


HA.CA TN 5272 



















TABLE 12.- FORCE CONSTANTS FRCW VISCOSITY DATA 


AND SECOND VIRIAL COEFFTCIENTS*= 


Neon Ne 
Argon A 
Nitrogen N2 

Oxygen O2 
Carton monoxide CO 
Nitric acid NO 
Methane CHj^ 

Carton dioxide CO2 
Nitrous oxide N2O 



e/k, °K 

Viscosity 

Second virial 
coefficient 

55.7 

55.7 

12 L .0 

119.75 

91 - 46 

95.05 

115.2 

U-7.5 

110.5 

95.53 

119. 

131 

156.5 

148.2 

190 

189 

220 

189 

Av. seven gases 


^ 0 , A 


Viscosity 


Second virial 
coefficient 


1.244 

2.80 

2.74 

1.240 

5.418 

5.41 

1.551 

5.681 

3.70 

1.541 

3.453 

3.58 

1.296 

5.590 

3.65 

1.45 

5.470 

5.17 

1.559 

5.822 

5-82 

1.606 

5.996 

4.49 

1.514 

3.879 

, 4.59 


1.520 ± o.coh 



®From reference 2, with a few aJ-terations . 
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Figure 3 *- Parameter B^/c at versus Pj^Vq/RTc for various sub- 

stances. Circles represent values based on preliminary cluster param 
eters for PVT data away from critical temperature; curve is based 
only on critical isotberm data as represented by Meyers (ref. I8). 
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Figure 4.- Parameter 


(65/e 2) (135^2)^^^ versus (M?c/e2) ('b2/Vc) 
ouB Butstances. 


for vari- 


es 

H 


1 


-dlzQ iEL VCiVH 







